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for the prothrombin 


determinations you prefer, 





you can always depend on 
DIFCO REAGENTS 


1-STAGE TECHNIQUE 
of QUICK and LINK-SHAPIRO 


BACTO-THROMBOPLASTIN, used according to the 
method of Quick, has demonstrated its accuracy and 
reliability for more than 20 years. Each box of six 
ampules is sufficient for 210 Quick determinations or 
420 Link-Shapiro determinations. 


BACTO-THROMBOPLASTIN is a stabilized, desic- 
cated rabbit brain substance of high thromboplastin 
potency. It is used in all prothrombin time procedures 
with whole or diluted plasma. It is stable in either dry 
form or frozen extract. 


2-STAGE CONCENTRATION TECHNIQUE 
of WARE and SEEGERS 


BACTO-PROTHROMBIN 2-STAGE REAGENT is a 
standardized, stabilized reaction mixture for use in the 
Ware and Seegers procedure for quantitative determination 
of prothrombin concentration. Bacto-AC Globulin Serum 
is prepared for use in this procedure. 

















Descriptive literature gladly sent upon request. 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 
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after eleven million treatment courses:. 
consistently broad antibacterial action 
epichaingya — ® through the years...consistently broad 

U ra a n in antibacterial action against urinary 
tract pathogens —“It was interesting 

to observe that nitrofurantoin [FURADANTIN] showed a consistent in vitro effectiveness 


against the bacteria tested throughout the four year period, thus revealing negligible develop- 
ment of bacterial resistance, if any, through the years.” souitt, c.r.,et al.: Antibiot. Chemother. (Wash.) 10:694, 1960. 








*Conservative estimate based on the clinical use of FURADANTIN tablets and Oral Suspension since 1953. 


rapid, safe control of infection throughout the urinary system 
EATON LABORATORIES, Division of The Norwich Pharmacal Company, NORWICH, N.Y. 
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If your laboratory is still mixing its own tissue processing 
solutions and stains, may we suggest you investigate the merits of 
Technicon Standardized Histologic Reagents. Good way is to ask 


a colleague who uses them what he thinks. 


He'll probably tell you that their chemical equilibrium of the 
stains is so stable that they stay clear and pH constant during 


a long, long active life, eliminating the need to frequently filter ; 
ete or nse 
out scum and precipitates. More, that they turn out uniformly “SY nessa renzeie 


better tissues, beautifully stained. 


Everyday more and more laboratories are adopting these fine THE TECHNICON LINE-UP 
Technicon Fixative 
Technicon Dehydrant 
Technicon Clearing Agent 
Technicon Stains 


no tedious weighing out, no possibility of error. Technicon Paraway © 
Technicon Mounting Medium 


reagents. Not only for the dependably superior results they assure, 


but for downright convenience. They're so much easier to prepare, 


Cost? All things considered, probably no more than hand-mixed 
solutions you may be using right now. Let us send you specimen 
slides processed with these fine reagents . . . they may be eye-opening. 


TECHNICON CHEMICAL COMPANY, INC. 
CHAUNCEY ® NEW YORK 





technicon standardized histologic reagents 
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For Laboratory Procedures Re quiring 


ANIMAL BLOOD PRODUCT 





‘ 
Ca Dp pel WASHED, POOLED ANIMAL BLOOD CELL SUSPENSIONS Stabilized 


Ca Dp pel STERILE ANIMAL BLOOD PREPARATIONS 


Ca Dp pel STERILE ANIMAL SERA, POOLED, FILTERED 


Cappel Laboratories 


West Chester, Pennsylvania 
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4iADE* Enza-Trol for enzyme testing... 


everything's under control 


Because of the basic instability of some en- Enza-Trol is supplied in dried form; after 


zymes and the effect of variables such as 
temperature and pH, the need for a known 
enzyme test control has long been recognized. 
Dade Enza-Trol fulfills the need, provides 
you with a reliable check on substrates, 
reagents, instrument variation and technic. 
Used exactly as serum, Enza-Trol contains 
serum protein with known values of enzymes 
normally found in human serums. Because 
most enzymes are unstable in solution, 


reconstitution, stability is same as enzymes 
in human serum. In enzyme testing, every- 
thing’s under control with Enza-Trol. 


No. 53463 Dade Enza-Trol, constituted of the following 
enzymes: lipase, amylase, acid phosphatase, lactic 
dehydrogenase, alkaline phosphatase and transami- 
nase plus glucose for amylase blank, phosphorus for 
phosphatase blank, uric acid and bilirubin. 5 ml per 
vial when reconstituted with distilled water. 


Box of 3 vials. $9.00 


Ask your S/P Representative for Enza-Trol literature, or write... 


scientific products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS 
Regional Offices: Atlanta - Boston - Chicago - Columbus - Dallas - Kansas City 
Los Angeles - Miami + Minneapolis - New York « San Francisco * Washington 


Export Department—Fiushing 58, L. I., New York. In Canada: Canadian Laboratory Supplies Limited. 
In Mexico: Hoffmann-Pinther & Bosworth, S. A. 


J. Lab. & Clin. Med. 
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4 ? Brain Heart Infusion 
/ with PAB and added CO, 











B-D 











August, 1961 














/ 4 
4 
ff 3 Thioglycollate Medium, 
i” A Brewer Modified 
; 
\T 
cat? 


a B-D g! product 


VACUTAINER CULTURE BOTTLE 


* UNCONTAMINATED SPECIMENS — blood taken from patient’s vein to culture bottle via a 

closed, sterile system. Unit is compact enough for bedside collections, is available with - 
mailing box for shipment to outside laboratories» WIDEST RANGE OF GROWTH —specimens 

can be taken aerobically or anaerobically. Media are carefully selected for their ability 

to grow the various strains within genera + SIMPLIFIED TECHNIQUE —one VACUTAINER 

Culture Bottle, or as many as desired, inoculated with a single B-D Sterile Blood-Taking 

Unit. 


Free reference chart available for definitive bacterial identification. Write for Chart N-33C. 
B-D, TRYPTICASE and VACUTAINER are trademarks. 83260 


BECTON, DICKINSON AND COMPANY - RUTHERFORD, NEW JERSEY 
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Medotopes by Squibb—- 





Radioactive Pharmaceuticals for diagnosis and therapy 


JODOTOPE DIAGNOSTIC 
Thyroid gland uptake, 
protein-bound-iodine (PBI 
studies, and thyroid scanning 


ALBUMOTOPE 

Blood and plasma volumes; 
circulation times, cardiac 
output 


CHROMITOPE SODIUM 
Tagging red blood cells 
for volume, survival, 
gastrointestinal bleeding 


OLEOTOPE 

Fatty acid absorption studies 
TRIOLEOTOPE 

Fat absorption and 
pancreatic function 

studies 


RADIO-CHOLOGRAFIN 
Liver function, blood 
circulation studies. 
ROBENGATOPE 

Liver function. 


HIPPUTOPE 
Kidney function, 
circulation time 








SQUIBB 
Squibb Quality 
—the Priceless Ingredient 
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Medotopes cover an extensive range of 


diagnostic and therapeutic procedures, . 


each reflecting the latest developments in 
radioactive medicine. All Medotopes con- 
vey, as well, the utmost in safety and con- 
venience. All feature unique packaging 
safeguards: exclusive lead shield en- 
closures for easy opening — no direct 
contact is required; bottle caps unscrew 
automatically; shipping cartons have 
“pull-tab” openers; vials and bottles are 
carefully encased and then doubly pro- 
tected by transparent, shatterproof plastic 
coatings. Each preparation is custom- 
handled. Delivery is custom-routed by 
Squibb Traffic Service. Access to three 
major airports expedites this service. 


Diagnostic Medotopes, in addition to 
those illustrated, are: Chromitope Chlor- 
ide * Ferrutope * Phosphotope ¢ Rubra- 
tope 58 and 60 * Cobatope 58 and 60 
Tritiotope * Therapeutic Medotopes are: 
Aureotope * Chromphosphotope ¢ Iodo- 
tope ¢ Iriditope * Phosphotope. 


For full information, communicate with 
E. R. Squibb & Sons, Professional Service 
Department, 745 Fifth Avenue, New York 
22, New York. 


*« Medotopes 


“acpumotore’®, “‘aurcotore’®, ‘cnococrarin’®, ‘curomitore’®, 
“cHrompHosPHorore’®, *‘COBATOPE 58 AND 60’®, ‘rerrutore’®, 
‘mipputore’, ‘iovoTore®, ‘inioitore: ®, ‘meoorores’®, ‘oveorore’®, 
‘pHospHotore’®, ‘ropencatore’®, ‘nusratore:®, *rritiotore’®, 


AND “trioceotope’ ® ARE SQUIBB TRADEMARKS. 


J. Lab. & Clin. Med. 
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y ..-A SPECIFIC | | 
INEXPENSIVE 
# TEST FOR : 












































2S, . 
i ESTIMATING SERUM 
n- 
~ | || BETA-LIPOPROTEIN 
ng : 
» | |) LEVELS 
ct ' ’ 
2W ™ 
ve 
re 
rO- 
tic a 
ms 
by Setar 
se The growing evidence implicating beta-lipo- | Beta-L TEsTt is supplied in compact 
protein as one of the agents responsible for '} 60-test kits containing 5 cc Anti- 
atherosclerosis has emphasized the need for a :} human Beta-Lipoprotein Precipitin 
to || test procedure which is reliable, yet simple ‘| Serum, 60 card slides, 60 capillary 
or enough to be suited to clinical purposes.' Hyland pipettes with rubber bulb, 60 IMMvu- 
ra || Beta-L TEsT answers this need. BETA-L TEST |] NOCRIT tubes, two millimeter scales 
60 results show a close correlation with complex |} and magnifier. List No. 71-000, $20. 
— || quantitative methods now in use,” yet BETA-L 
lo- _ Test can be completed in less than ten minutes. 
Test is performed by mixing one drop of pa- “ep 
ith | tient’s serum with two drops of Beta-L Test er rete 
= antiserum on a card slide, filling an IMMUNO- = 
a | CRIT® tube, sealing and spinning for 5 minutes 
| in a micro-capillary centrifuge. Length of pre- 
| cipitate column indicates beta-lipoprotein level. 
i 1. Wood, F. C., Gurin, S., and Kuo, P. T.: Medical 
| Correlation Clinic on Atherosclerosis and Coro- 
| nary Artery Disease, Am. Pract.-Dig. Treat. 
} 12:235 (April) 1961. 2 i 
2. Heiskell, C. L., Fisk, R. T., Florsheim, W. H., 
Yachi, A., Goodman, J. R., and Carpenter, C. M.: 
A Simple Method for Quantitation of Serum Beta- 
o Lipoproteins by Means of the Immunocrit, Amer. HYLAND LABORATORIES 
"6 J. Clin. Path. 35:222 (March) 1961. 4501 Colorado Blvd. 
“®, * Enlarged, unretouched photos of 3-inch IMMUNOCRIT Los Angeles 39, Calif. 
| tubes show normal (a) and elevated (b, c) beta-lipo- : Branch Office: 
«' Protein levels. 160 Lockwood Ave., Yonkers, N. Y. 
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Adaptable to any mixing procedure in 0 * Des 
test tubes or centrifuge tubes such as 


Washing Precipitates * Cell Fragility 
Emulsification * Protein Bound lodine 


Outstanding and unusual features 
that add up to a new high in 
convenience, accuracy and speed. 








Individual 3-speed control for each tube 
Simple, rapid insertion and removal of 
tubes 
Accommodates tubes up to 25 mm. 
diameter, up to 200 mm. long 
Eliminates stoppers, caps or finger cap- 
ping 

e Thorough, fast mixing action in seconds 


WELL CONTROLLED 
MIXING ACTION 


Eliminate all the drawbacks of the 


Controlled Mixing with the 


VORTEX MIXER 


Get just the Mixing Action you want at the Speed you want! 





common hand shaking of test tubes. 


These include contamination and loss 
from stirring rods or stoppers, irrita- SIMPLE TO OPERATE 


shaking. 


model, it is a quick, easy matter to 


viscosity of the liquid and weight of sizes up to 





the mixing action at any time. Liquids tend nine 
or solids can be added to the tube while 
it is in motion. 


Prices include one 15-16 mm. cup and clip assembly for each tube, 
be ordered at the same price. Extra cup and clip assemblies each $15. 


* 





tion of skin or inaccuracies from using Insert tube in neoprene cup. Snap tube into clip. 
the thumb for capping and inadequate Flip switch. Vortex rises and mixing starts instantly. 


With either the four-tube or two-tube SPECIFICATIONS AND PRICES 


change cups and clips to accommodate Separate motor and 3-speed control 
tubes from 15 to 25 mm. in diameter. for each tube position — .3 amp each 
Smaller tubes can also be used in many motor — 3000 RPM, fan-cooled, con- 
eases. tinuous duty. 115 V., 60 cycles, AC. 

3-speed controls which can be preset or Heavy cast aluminum housing, fin- 
ean be changed while the tube is in ished in baked enamel and mounted 
motion. The size of the tube, the height on resilient rubber. Molded neoprene 
of the tube, the height at which it is cups. Stainless spring steel clips ad- 
clamped, the quantity of liquid, the justable for height of tubes. Tube 


precipitates; may affect the mixing ac- mm. Two-tube model base is 6% x 7%4 
tion. You can determine the best con- x 54” high. Four-tube model is 6% 
ditions for your needs and duplicate x 14% x 5%4” high. Support rods ex- 


M-93638 Vortex Mixer-two-tube model $154.00 
M-93639 Vortex Mixer-four-tube model $248.00 


For 220 Volts, 50 Cycles, add $5.00 to two-tube model and $10.00 to four-tube model. 


25 mm., lengths up to 200 


inches higher. 


but 18-20 or 22-25 mm. can 
Specify size when ordering. 
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APPARATUS 


DWAY REAGENTS 
AND 
3, N.Y CHEMICALS 


J. Lab. & Clin. Med. 








ratus, column chromatography equip 
» paper chromatographic systems. TI 


experts in use of this equipment. 


if: Nowaczynski, Canada J. Biochem. & Biophys., 


WVhat 
price 
ACCULACY e 


curacy is priceless. There can be no compro- 
ise in providing instrumentation for Bio- 
emical Procedures’ individual Hormone, 
hemistry, Nuclear Assay, Electrophoresis and 
gotein-Bound-lodine laboratories. 


olumn chromatography equipment, specialized 
vaporative and extractive systems, spectro- 
hotofluorometers, complex electrophoresis in- 
tuments, even custom-manufactured glass- 
Gre... you'll find it all at Biochemical Pro- 
edures. The sole purpose: to provide you 
ith results that are both accurate and precise. 


our specialized problems in clinical chemistry 
te solved quickly and economically, 20 hours 
day, 7 days a week. Test results are air- 
diled. The advanced instrumentation and staff 
f Biochemical Procedures is as close as the 
earest mail box. 


Serving hospitals, universities, laboratories, 
clinics and physicians throughout the world 


IOCHEMICAL PROCEDURES, INC. 


12020 Chandler Boulevard 
North Hollywood, California, U.S.A. 


Write for FREE MAILING CONTAINERS, complete FEE SCHED- 
ULE and “THE BULLETIN OF LABORATORY MEDICINE,” a 
monthly publication designed to keep you abreast of newest 
developments in the clinical laboratory field. 


SSB BSE BER ESZ ESSE ESSE SESS ESSE SSS SESS SSS SSeS 
Biochemical Procedures, Inc. 

12020 Chandler Boulevard, North Hollywood, California, U.S.A. 
Please send the following material by return mail: 


“The Bulletin of 
containers (| Fee schedule ra 


Laboratory Medicine” 


name 





addréss 





city zone —. state 
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In a class by itself — the Clay-Adams centrifuge line—for virtually every office or la! 

| oratory separation procedure. Models include high speed or hand driven, heavy duty 

| lightweight . . . single or multi-purpose table machines. All Clay-Adams centrifuges 
designed for optimum speed and efficiency. All feature precision engineering, sturdy c 


struction; permanent lubrication insures years of trouble-free operation. 


Adams Safety-Head Centrifuge Other models available from your dealer include: 


Sero-Fuge®: Ideal for Micro-Hematocrit: Fo 

Ideal for all precipi- | blood banks. Specifically blood banks, clinical ani 

tate separations fre- for Coombs Test; blood hospital laboratories. Pro 

quently performed in grouping, typing, and vides complete separation 

the clinical laboratory cross-matching. of serum and red cells in? 
He 2 Sir or ee minutes. 


or physician’s office. | Safeguard Centrifuges: 
Efficient angle head | For hospital, clinical and 
for six 15 ml. orsmall- | hematology laboratories 


in laboratory science. 


| with a relatively heav trusted tools for 
er tubes provides | eat bal Wintrcbe hem- | precision performance 


rapid centrifugation. atocrits, blood chemistries, Ch 
Compact, shock and other separations Qy- A 
mounted, portable. rapidly performed. dams 


New York 10, N.!. 





clude: 


it: For 
cal and 
»s, Pro- 
aration 
11s ind 
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COLEMAN 


Magnesium from 5 to 4,000 ppm; lithium 
from 0.0097 to 970 ppm—measurements in 
these concentrations are quick and easy with 
two new spectral filters now available for use 
with the Coleman Flame Photometer. 


Another accessory, the Autoflow Sample 
Handling System, actually triples ana- 


lytical speed—by providing direct feed of 


sample to atomizer burner and automatic and 
instantaneous removal of unused sample. 


With its analytical scope now encompassing five 
important metallic elements (Na, Ca, K, Mg, Li) 
... with its unequalled speed and convenience 
of analysis ... the Coleman Flame Photometer 
is a time and money saver for any laboratory 
charged with a heavy analytical work load. Sim- 
ple and dependable, it requires no water con- 


2 a OM Bit is ee 


nections, no special fuel gas, and no specially- 
trained operators. 
The advantages of flame analysis over wet chem- 
istry methods have long been established—im- 
proved precision in analysis of these elements in 
higher concentrations; accurate trace analysis 
in extremely low concentrations; major savings 
in time, effort, chemicals and laboratory space. 
Find out about the special advantages of 
Coleman flame analysis. 
Ask for these publications: 

EB -242A—Coleman Flame Photometer; 


EB-265—Autoflow Sample Handling System; - 


ET-169 —Flame Photometric Determination of 
Magnesium; 

ET-174—Flame Photometric 
Determination of Lithium. 


eee = 


New filters isolate Mg, Li 
for rapid flame analysis 


a 


COLEMAN INSTRUMENTS, INC., MAYWOOD, ILLINOIS 


August, 1961 








FISHER STOCKS WHAT 


Depend on fast delivery from Fisher's 14 convenient branches. New- 
est is in Boston, boosting Fisher’s total warehouse space to more than 
three-quarters of a million square feet. In each strategically located 
branch, skilled crews fill your order carefully, ship it promptly. 
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YOU NEED! 








Measure biood gases precisely, efficiently with 
Fisher-Van Slyke Manometric Blood Gas Apparatus. 
Fisher, developer of much of the apparatus you use, 
built new convenience, reliability into this apparatus. 






‘ Get bullt-in accuracy with Fisher's new Model 55 


n Hemophotometer® designed for quick hemoglobin de- 
d termination. Fisher makes this and many other instru- 


ments in its plant, to assure uniform performance. 
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ELL-STOCKED shelves at Fisher Scientific’s new 
Boston branch (left) attest to the huge Fisher 
inventory: over 20,000 different instruments, appli- 
ances, glassware items and furniture units . . . over 
7000 different chemicals. Each Fisher branch main- 
tains its own comprehensive stocks so one order can 
bring your laboratory everything it requires .. .'a 
single source that saves you time and money. 

Comprehensive stocks are just one feature of the 
Fisher organization . . . others are noted below. In 
total, they are the reason Fisher Scientific is a leader 
in the field of laboratory instrumentation and reagent 
manufacture. 





Keep instruments at top performance. Each Fisher branch 
has modern service & repair shops where factory-trained spe- 
cialists expertly repair all types of lab equipment. It’s another 
of Fisher's extra services available to you. 


Want to have more facts about how Fisher can 
help you? Details in free, data-packed bulletins. Clip, 
fill out and mail coupon to Fisher Scientific Company, 
120 Fisher Building, Pittsburgh 19, Pa. 


 etetesieteateteteietaietetatetatatatetatetetetetatetateteteteteteteetateteetatate 
Fisher Scientific Company 

120 Fisher Building 

Pittsburgh 19, Pa. 

Please send me the following information: 

0 “This ts Fisher” 0 Fisher Model 55 











0 “Fisher-Van Slyke” Manometric “Hemophotometer” 
Blood Gas Apparatus 
Name Title 
Please Print 
Company 
Street. 
City. Zone. State. 





err) ttt ttt ee 


EO: FISHER SCIENTIFIC 


World's Largest Manufacturer-Distribulor of Laboratory Appliances & Reagent Chemicals 


Boston + Chicago + Fort Worth « Houston * New York « Odessa, Texas 
Philadelphia + Pittsburgh + St.Louis « Washington * Montreal « Toronto 
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Micro-Cuvettes 
pace 


and 
Ada 





CIS 


simplify 


micro-chemical/ 


procedures 


Used with B&L 
Spectronic 20 and 


Coleman Jr. 


Spectrophotometers. 


Perfectly round micro- 
cuvettes, when used in 
combination with the 
micro-space adapters, 
permit measurements of 
sample volumes as small 
as 1 ml in Spectronic 20 
and 0.7 ml in Coleman Jr. 


The adapter displaces 
liquid, bringing it into 
direct alignment with 
1.0 cm light path. 
Self-locking lugs assure 
correct placement into 
each instrument’s 
cuvette adapter. 


Micro-cuvettes are 
matched to +0.5% T, 
regardless of angular 


General Offices: 


orientation. 


DIVISION OF BRUNSWICK CORPORATION 


1831 Olive St. 














(a) (b) 
(a) Space Adapter 


Space Adapter 
(b) Cuvette } 


B&L Spectronic 20 
in Cuvette 


Cuvette Adapter 


Micro-space cuvette adapter of black plastic fits snugly into 
Y% inch round cuvette to displace liquid. Both are then 
inserted into cuvette adapter. BEL Spectronic 20’s above. 
Coleman Jr. Spectrophotometer’s below. 








— 
bal 
Hl 
CJ 
(a) (b) 
(a) Space Adapter Space Adapter Coleman Fr. 
(b) Cuvette in Cuvette Spectrophotometer 


Cuvette Adapter 


For full information on these new micro-accessories write: 


FULLY STOCKED 
DIVISIONS 


COAST-TO-COAST 
St. Louis 3, Missouri 
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P REFERENCE | 
STANDARD 


pH 7.384 + 0.003 @ 37.0°C. 
pH 7.382 + 0.003 @ 38.0°C. 


pH 7.413 + 0.003 @ 25.0°c. 


This buffer has been designed for the precise standardization 
of blood pH equipment. It is a precisely standardized potas- 
sium and sodium phosphates mixture, ionic strength of 0.10 
with a guaranteed tolerance of + O.003 pH. 


Measurements are made to + O.001 pH units. The tem- 
perature in the cell during measurement is controlled 
to + O.02°C. Values stated are based on measurements in 
a cell without liquid junction in accordance with a National 
Bureau of Standards method. 


The buffer is prepared from precisely weighed very pure 
phosphate salts using water of greater than 3,000,000 
ohm-cm resistance; all measurements are made using an 
ultra-sensitive glass electrode system. The solution has 
good stability and is mold-inhibited. 


Specify: Blood pH Reference Buffer 
Item No. 64138 500 mi. Unit-$5.00 


Harleco products are available of your preferred supply house 





HARTMAN-LEDDON COMPANY 


60th & Woodland Avenue « Philadeiphia 43, Pennsylvania 





BECKMAN Model DU 


Spectrophotometer / @ /0/c/ure’ 
instrument 





“The First” and “Still First”. Since its introduction Beck- f/ 
man’s Model DU has maintained its position as the ‘“‘Number 
One Spectrophotometer” in the laboratory. The A.C. line 
operated unit eliminates storage batteries and dry cells and Y/ 
provides insured current stability. When equipped with an 
ultraviolet accessory set it covers a range from 210 mu to 1000 
mu. Continued research has extended its utility by providing accessories for flame 
photometry, fluorescence analysis, diffuse reflectance, temperature control of 
cell compartment, spectral energy recording and a wide range of cell compartments 
and cells which accommodate many types of liquid and gas samples. 

If you are considering the purchase of a spectrophotometer request bulletins 
733B and 736, ‘Consider the Facts” and ‘“‘Buy Beckman’’. 


faq HARSHAW SCIENTIFIC 


Division of The Harshaw Chemical Co. « Cleveland 6, Ohio 
SUPPLYING THE NATION’S LABORATORIES FROM COAST TO COAST 


HARS 





SALES BRANCHES CINCINNATI 37, OHIO HOUSTON 11, TEXAS OAKLAND 1, CAL. 
AND WAREHOUSES 6265 Wiehe Road 6622 Supply Row 5321 East 8th Street 
CLEVELAND 6, OHIO DETROIT 28, MICH. LOS ANGELES 22, CAL. PHILADELPHIA 48, PA. 
1945 East 97th Street 9240 Hubbell Ave. 3237 So. Garfield Ave. Jackson & Swanson Sts. 


SALES OFFICES © Baton Rouge 6, La. © Buffalo 2, N.Y. © Hastings-On-Hudson 6, N.Y. © Pittsburgh 22, Pa. 
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WE ARE CENTRALLY 
LOCATED WITH LARGE 
RAIL AND AIR FACILITIES 


Tests performed and reported 
same day as received. All work 
is supervised by college trained 
specialists. 


ENDOCRINOLOGY ASSAYS 


Protein-bound iodine (PBI) Butanol 
Extractable lodine (BEI), 17-Ketoster- 
oids, Catecholamines, Serotonin, 
Corticosteroids, Gonadotropins. 


Lipid fractionation, protein fractiona- 
tion by electrophoresis, Lead, Barbi- 
tuates, Cholinesterase, Iron and Iron 
Binding Capacity. 


CLIP THIS FOR INFORMATION, me 
FEE SCHEDULE, & CONTAINERS OHIO 


| MEDICAL 
| LABORATORIES 


| 821 Jefferson—P.O.Box 1033 | 
Toledo 1, Ohio 


[_] SEND FREE MAILING CONTAINERS 
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No Slide Rule Needed Here: 


Dirty Glassware + Ordinary Cleaners—? 





You Just Can't Balance This Equation 





Balance Your Cleaning Equation 
with 
Paragon Laboratory Cleaner 


The detergent cleaner developed especially for the modern laboratory. Con- 
tains no soap, leaves no dulling scum. Abundant suds in cold water. Rinse 
water flows off without water spotting. No wiping or toweling necessary. 


PARAGON LABORATORY CLEANER is easy to use; simply soak articles 
in hot or cold water containing 1 ounce of Paragon Laboratory Cleaner to 


the gallon. Dirt, grease, grime, stains and inecrustations float away. 


PARAGON LABORATORY CLEANER cleans glassware, porcelain, enamel 
ware, soapstone surfaces, ironware, tile and painted walls, floors, slop sinks, 
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toilet bowls, shelves. No boiling of slides to get them clean. No more cor- 
roded, etched or scratched slides. Simply allow the used slides to soak in 
Paragon Laboratory Cleaner solution for a short time. Smears, stains and 
eedar oil float away. Excellent for freeing jammed syringes, stuck stop- 
cocks and ground glass stoppers. 


PARAGON LABORATORY CLEANER is packed only in 3 lb. boxes. 
PC300 Box (3 Ibs.) $1.00 


Carton (24 x 3 lb. boxes) 20.40 (85¢ per box) 





Write for catalogs 957A @& 957B fully describing Paragon Staining Solutions 
Chemical Reagents and Solutions and Paragon Tray Drawer Cabinets and accessories. 


Prices F, 0. B. New York, New York, subject to change without notice 


2540 Belmont Avenue 1 Manufactured exclusively by 
ew Yor , New Yor 
Please send free trial sample PC300 ! PARAGON C & C. €0., INC. 
2540 Belmont Avenue 
AP Bal of eS a I D | New York 58, New York 
ES OE eh ENR Taste Cable Address: Wijeno, New York. 
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Nessler Compound Paragon 
(Dry Granules) 


for the simplest method of preparing 
Nessler Solution which will not be af- 
fected by the amount of carbonates 
ordinarily present in sodium hydroxide. 
The granules and the resulting solution 
will remain stable for years. 


$1.90 per bottle (68 grams) sufficient 
for one liter of Nessler Solution, which 
is made by simply dissolving the con- 
tents of bottle in 10% sodium hydrox- 
ide solution. 


Convince yourself by ordering Nessler 
Compound Paragon. 


Alkaline Copper Tartrate 
(Paragon) 


is a concentrated reagent which will 
produce Alkaline Copper Tartrate so- 
lution for determining sugar in blood 
by the method of Folin & Wu. 


The resulting solution is very stable 
and may be used at once. 


The contents of the bottle is merely 
diluted with distilled water to make 1 
liter. 


P851—One Bottle sufficient for 





PARAGON REAGENTS * DEPENDABLE + TESTED * PARAMOUNT QUALITY 


Benedict Compound Paragon 
Qualitative— Quantitative 


(Dry Granules) 


You can now have perfect Benedict 
Solutions (qualitative or quantitative) 
for the determination of sugar in 
urine by simply dissolving the gran- 
ules in water. 


Packed in two convenient sizes. 


QUALITATIVE 


P501—for 1 liter 
P520—for 1 gallon 


QUANTITATIVE 


P611—for 1 liter 
P631—for 1 gallon 


Priced so that each qualitative test 
costs 4% of a cent, when purchased in 
lots of 12 gallons (1 case); slightly 
higher when purchased in smaller 
quantities. 


Phospho-Molybdic Acid Reagent 


(Paragon) 


is a concentrated reagent producing a 
phosphate molybdate acid solution 
used to determine sugar in blood by 
the method of Folin & Wu. This 
solution may also be used for deter- 
mination of sugar in spinal fluid. 


The resulting solution is very stable 
and may be used at once. The con- 
tents of the bottle is merely diluted 
with distilled water to make 1 liter. 


P801—One Bottle sufficient for 








SRP nce $0.45 © ND ee tien $2.35 
In lots of 12 or more bot- In lots of 12 or more bot- 
ree 40 ik GREP ncecncuae 2.25 


All prices F.O.B. New York, New York, subject to change without notice. 


® NO CHANGE IN PROCEDURE ® NO NEW TECHNIQUE ® NO EXTRA STEPS 
© TIME SAVING ® SPACE SAVING ® ECONOMICAL ® STABLE 


Write for catalogs 957A @& 957B fully describing Paragon Staining Solutions, 
Chemical Reagents and Solutions and Paragon Tray Drawer Cabinets and accessories. 


Manufactured exclusively by 


PARAGON C. & C. CO., Inc., 2540 Belmont Ave., New York 58, N.Y. 


Cable address: Wijeno, New York 
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For photomicrography 
and simultaneous obser- 
vation, binocular photo 
tube “FS” is available 






the 
laboratory 
microscope 
which 
fulfills 
research 
requirements 


the new LEITZ LABOLU X Illa 


The Leitz Labolux IIIa is a new laboratory microscope with built-in illumination and the famous 
Labolux ball-bearing focusing control, which combines both coarse and fine focusing in a single 
knob. Available with a wide variety of accessories, the Labolux IIIa is recommended for all routine 
laboratory work and, in addition, can be equipped to fulfill the most exacting research. 





















A variety of interchangeable tubes is available: monocular, binocular or trinocular (binocular 
viewing plus photo tube for photomicrography). Tubes can be rotated 360° so that the Labolux IIla 
may be faced away from the observer, for increased accessibility to all controls and to the object 
stage, and to make “‘conference-viewing” by two consultants more convenient. 

Among the condensers available are the Abbe type, the Berek 2-diaphragm condenser, and condensers 
for phase contrast and dark field observations. The Labolux IIla is readily adapted to fluorescence 
microscopy by addition of the Leitz fluorescence accessories. The large stand, in a new contemporary 
design, is constructed for a lifetime of use with fatigue-free operation and precision performance. 
All controls, including the knobs for the mechanical stage, are in a low convenient position. High- 
power objectives have spring-loaded mounts for prevention of damage to lenses and slides. 


LABOLUX Illa, Model S 25/95 


e inclined binocular tube S with knurled knob to adjust for proper interpupillary distance e built-in 
mechanical stage #25 e two-lens condenser #95 e substage unit with rack and pinion focusing accepts 
sleeve-type condensers @ quadruple nosepiece with achromats 3.5X, 10X, 45X and 100X oil immersion, 
the last two having spring-loaded mounts e paired 10X wide-field eyepieces @ horizontal carrying case 
e 3-step transformer, 6 V., 2.5 Amp. 


For literature and/or a personal demonstration in your laboratory, write: Dept. L-8 


E. LEITZ, INC., 468 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 
Oistributors o f the wortd-famous products of 
Ernst Leitz G.m.b.H.,Wetziar, Germany—Ernst Leitz Canadattd 
LEICA CAMERAS :- LENSES - PROJECTORS . MICROSCOPES - BINOCULARS 


32959 
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simple 
economical 
accurate... 


Baood cell counts in 25 beoonds 





SANBORN® /FROMMER MODEL 75 BLOOD CELL COUNTER 
Price — $1800 F.0.B. Waltham, Mass. Continental U.S.A. 

U.S. Pat. 2,775,159. Canadian Pat. 547,435 

Other patents pending in U.S. and foreign countries. 
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This new, compact, optical-electronic.instrument provides 


fast, accurate counting of red and white cells, 
normal or abnormal blood specimens. Operation 
is so simple that an operator can run a large 
number of tests continuously and efficiently. Most 
of the inaccuracies due to operator fatigue are 
eliminated. Possibility of statistical error is also 
reduced because the total number of cells sampled 
is approximately 50 times that of a manual count. 


The percent of time individual cells are present 
in a photoelectrically-observed portion of a “dark 
field” illuminated chamber determines the cell 
count. Readout is direct on the large easy-to-read 
panel meter — without need for conversion tables 
or correction factors. A simple facility is provided 
for convenient, positive check of instrument 
calibration. The Model 75 Blood Cell Counter is 
ideal wherever blood cell counting is done — for 
routine admissions in both large and small hos- 
pitals, diagnostic determinations, research studies. 


Local expert Sanborn service is available from 46 
Branch Offices and Service Agencies throughout 
the country. Contact the one nearest you for com- 
plete information — or write Manager, Clinical 
Instrument Sales, at the main office. 


SANBORN COMPANY 
MEDICAL DIVISION 175 Wyman St., Waltham 54, Mass. 








HOW TO DETERMINE THE COST 





OF CULTURE TUBES 


These culture tubes look alike. How do you find 
out which type gives you the greatest value, 
costs you the least? 

Simple. Try them. Test them in your labs, 
under your routines. 

If your tests turn out as we expect they will, 
you'll find that PyREx® brand culture tubes last 
longer, perform better. We modestly labeled 
them “X” up above. 

You'll be testing these features of our culture 
tubes: 

Uniformly tough walls. The tubes stand up 
through knocks and jars. 

Chemical inertness. The tubes will coddle a 
culture a long time and never add anything to it. 
Nor will they cloud with repeated sterilization. 

Thermal shock resistance. You can apply 
sudden heat or sudden cold. 

These are values your tests will prove for 
any of our culture tubes. 


You'll find still others if you happen to test 
one of three screw-cap tube designs. They let 
you eliminate cotton plugs and all the fuss that 
goes with them. 

The caps are chip resistant and sterilizable 
time and again, because of a special-formula 
plastic. The white rubber liner is inert chem- 
ically, and a special cement keeps it in place 
through heat and steam. 

Your Pyrex labware catalog LG-2 gives you 
details on all our culture tubes. Write for your 
free copy. 

Your laboratory supply dealer can help you 
pinpoint the values which make the difference 
between cost and price. 


CORNING GLASS WORKS 


8208 Crystal Street, Corning, N. Y. 
CORNING MEANS RESEARCH IN GLASS 





PYREX'* laboratory ware. . «the tested tool of modern research 
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ays PICKER NUCLEAR can help you... 


accurate mapping of 


brain tumors 


thyroid liver 





cardiac blood pool 
spleen kidneys 
with this advanced 
photorecording scanning system 
Picker Nuclear can help» you picture the above-listed 
physiological entities with improved fidelity by means of a 
unique photorecording system incorporated in the Picket 
Magnascanner. Its variable contrast enhancement can spread 
a small difference in counting rate over the full density 
range of photographic film for expanded display of slight 
activity differences (e.g. “hot” or “cold” islands if warm 
areas). The system will accept photographic films up to 
I4° x 17°, permitting complete mapping of a large organ 
like the liver 


In addition to photorecording the Magnascanner provides con 
ventional dot scanograms. Progress of the scan is always in full 





view: offering opportunity for adjusting variables (e.g. dot 
factor, travel speed, line spacing, background cut-off) to the 
demands of speci@l areas as they appear during the run. In com 
bination, these two techniques bring a new order of resolution 
to the mapping of radioactivity lodged in body organs 





The Magnascanner is one of the comprehensive 
Picker line of nuclear instrumentation and - 
supplies: all marketed and serviced through 

a national network of company offices staffed 

by trained Picker people. (Picker alone in the 
nuclear field offers this caliber of local service). 


For details call your district office (see phone 
book) or write Picker X-Ray Corporation, 
25 South Broadway, White Plains, New York. 


Here’s the Picker Magnascanner being readied for a 
thyroid scan. The heavily shielded probe and com- 
panion precision instrumentation are mounted on a 
freely maneuverable mobile carriage. 





hones {Yom me-Vey-)| 
MICRO COVER GLASSES 


Very flat, with precision 
Fotovatinelii-te Mm ialled. 4al-t-t- 


Remarkably free from brittleness 


colorless optical glass @ corrosion resistant ¢@ lead free 
















Cut from Chance colorless micro sheet of the high- 
est resistance to attack by moisture, remarkably 
free from brittleness and very flat. Because of pro- 
duction in mechanically drawn flat strips, precision 
controlled thickness is obtained. Covers meet all 
requirements of U. S. Federal Specification DD-G- 
426a. They are free from lead oxide and therefore 
suitable for tissue culture work. 

The relative absence of brittleness, which has 


always been one of the outstanding physical 
characteristics of Chance micro sheet, greatly re- 
duces breakage in handling and cleaning, particu- 
larly of large rectangles. 

Sizes most widely used are now packed in a 1 oz. 
box of polystyrene foam with lift-off cover. Covers 
can be withdrawn singly without touching the 
surface. Remaining sizes are packed in small card- 
board boxes. 



















ARTHUR H. 


A.H.T.CO. 
[Lasoearory arranatus | 


More and more laboratories rely on = 


Per oz. Per oz. Per oz. 
Per in 6 oz. 72 oz.** 144 oz.** 
ounce carton* assortments assortments 
7020. SQUARES No. 1, 18, 22 and 
25 mm square. . ; 2.25 2.03 1.80 1.69 
Ditto, No. 2.. .s 1.90 1.71 1.52 1.43 
7022. CIRCLES, No. 1, 18, 22, and 
25 mm diameter... 3.50 3.15 2.80 2.63 
Ditto, No. 2.. 2.95 2.66 2.36 2.21 
7024. RECTANGLES, No. 1, 22 « 30 mm 
up to and incl. 48 X 60 mm. ; 2.25 2.03 1.80 1.69 
Ditto, No. 2 1.90 1.71 1.52 1.43 








*One size, shape and thickness only **Assorted sizes, shapes and thicknesses 


For description and current prices of additional sizes and thicknesses, 
see pp 668-669 of our new 1961 catalog 


THOMAS COMPANY 


Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA 5S, PA. 


J. Lab. & Clin, Med. 
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LABORATORY and CLINICAL MEDICINE 


Volume 58 Number 2 AUGUST 1961 


Clinical and experimental 


An evaluation of maximal water diuresis in 
chronic renal disease 


I. Normal solute intake 


CHARLES R. KLEEMAN, M.D.,* DONALD A. ADAMS, M.D.** 
and MORTON H. MAXWELL, M.D.*** Los Angeles, Calif. 
WITH THE TECHNICAL ASSISTANCE OF GARY LUNDE and ROSE TWISS 


A systematic investigation of the maximal urine diluting capacity has been undertaken 
in patients with various types of chronic renal disease. Patients were selected on the 
basis of a stable state of azotemia. Those with progressive azotemia, active urinary 
tract infection or obstruction, and congestive heart failure were excluded. Precautions 
were taken to avoid salt depletion or excess. Diluting capacity was studied under the 
influence of a maximal sustained water diwresis by the measurements of minimal urinary 
osmolality, maximal urinary flow, and free water clearance. The observed values were 
“corrected” to normal renal mass by assuming that inulin clearance was a reasonable 
estimate of residual functioning renal mass. The corrected values were compared with 
those of a maximal water diuresis in normal subjects excreting increasing solute loads. 


The findings suggest that there is no specific “defect” in urinary dilution in chronic renal 
disease and that the values are consistent with the wmcreased solute load per residual 
nephron. In contrast, the maximal urinary concentration (concentrating capacity) was 


consistently less than would be predicted from the relative osmotic diuresis per nephron. 


From the Wadsworth Hospital, Veterans Administration Center, the Department of Medi- 
cine, University of California at Los Angeles Medical Center, and the Department of 
Medicine, Mt. Sinai Hospital, Los Angeles. 

Supported by The National Heart Institute, United States Public Health Service Research 
Grant No. A-1634. 

Received for publication July 5, 1960. 

*Associate Professor of Medicine, University of California Medical Center; Former Chief, 
Metabolic Section, Veterans Administration Center. Present position: Chief of Medicine, 
Mt. Sinai Hospital, Los Angeles. 

**Former Senior Resident and Fellow in Metabolism, Veterans Administration Center, and 
Clinical Instructor in Medicine, University of California Medical Center, Los Angeles. 

*** Attending Specialist in Medicine, Veterans Administration Center, and Associate Clinical 
Professor of Medicine, University of California Medical Center, Los Angeles. 
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L, frequently has been stated that the ability to dilute the urine in 
chronic renal disease is well maintained long after impairment of the concen- 
trating ability has taken place.’* This statement rests primarily on observa- 
tions of urinary specific gravity following a standard concentration test and/ 
or an oral water load. Although the concentrating defect in chronic renal 
disease has been earefully and systematically studied,’ only limited in- 
formation seems available referable to the apparent defect in urinary dilution 
in humans.* ° 


Table I. Data for chronie renal disease patients at height of maximal sustained water} iu 


| 








Surface Serum | c 
area creatinine Go Coant 

Patient | (M2) Diagnosis (mg. %) | (ml./minute) | (ml./minute) t/ml.. 
lL BG. 1.91 Chronic glomerulonephritis 2.7 38.9 179.0 
2. G.A. 1.96 Chronic phyelonephritis 11.4 11.2 38.4 
G. A. 1.98 19.5 3.4 7.8 
3. F.R. 190 Polyeystic kidneys 6.5 11.5 31.5 
E.R. 1.77 11.0 7.3 21.5 
4. J.C. 1.82 Chronic glomerulonephritis 5.4 19.3 67.5 
S Ger. 1.77 Nephrosclerosis 6.5 13.2 40.5 
C. W. 1.78 8.3 8.5 22.8 
6. A.E. - 1.64 Chronic phyelonephritis 18.0 6.9 15.8 
7 GD. 1.69 Chronic phyelonephritis a5 8.6 23.5 
G. D. 1.63 Nephrosclerosis 15.5 5.4 15.9 
3. W.S. 1.56 Nephrosclerosis 5.9 13.3 50.0 
9. LS. 1.77  Chronie phyelonephritis 6.0 11.7 39.0 
I.8 1.80 14.5 5.3 5.7 
10. E.S 1.78 Chronic phyelonephritis 11.0 8.3 16.5 
a2. Sa ©. 1.82 Chronic phyelonephritis 4.0 23.8 91.2 
L. C. 1.81 3.5 11.6 53.8 
12. M.F. 1.64 Chronic glomerulonephritis 4.1 22.1 92.4 
13. RK. K. 1.59 Chronic glomerulonephritis 7.3 14.7 117.5 
14. B.S. 1.81 Chronic phyelonephritis 2.4 17.2 70.7 
16. 3. F..9 1.55 Chronic phyelonephritis 3.5 19.0 150.6 
16. H.C. 2.05 Chronic phyelonephritis 11.5 10.4 30.3 
a. A.B. 1.69 Chronic phyelonephritis 5.9 12.8 20.4 
18. O.S8. 1.68 Nephrosclerosis 6.4 13.1 53.8 
After 0.6 Gm. Aminophyllin 14.6 45.1 
19. 8.F. 1.73 Chronic phyelonephritis 3.5 23.1 98.0 
20. A.L. 2.05 Polyeystic kidneys 7.6 11.0 57.3 
21. G.C. 1.62 Chronic phyelonephritis 7.2 12.8 42.8 
22. W.B. 1.84 Malignant nephrosclerosis 5.8 11.9 48.1 
23. W. H. 1.82 Chronic phyelonephritis 18.1 4.5 8.8 
24. P. W. 1.59 Chronic phyelonephritis 4.8 8.5 22.8 
25. L.E. 1.83 Chronic glomerulonephritis 3.2 25.5 120.7 
6... GF. 2.03 Malignant nephrosclerosis 7.4 11.8 63.3 
27. F.B. 2.02 Chronic glomerulonephritis 4.5 14.6 117.0 





*Inulin clearance. 
+Para-aminohippurate clearance. 
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The present investigation is an evaluation of the parameters of maximal 
water diuresis in nonedematous patients with moderate to severe chronic renal 
insufficiency. 


Materials and methods 


Thirty-three experiments were performed on 27 azotemic patients with stable chronic 
renal disease. No attempt was made to select a specific renal disorder for study, the major 
requirements being the absence of congestive heart failure, edema, active urinary tract in- 
fection, or clinically recognizable depletion of extracellular volume or electrolytes. The 








waterfdiuresis (all data corrected to 1.73 M?) 
= Solute | Pitre ssin concen- 
Urinary Urinary Serum excretion | | | tration urinary 
“us flow osmolality osmolality |  (mOsm./ | Cscn® Cuz0§ osmolality 
vinute) #(ml./minute )| (mOsm./Kg.) | (mOsm./Kq.) | minute ) | (ml./minute ) | (ml./minute ) (mOsm./Kq.) 
9.0 6.57 77 295 .506 1.72 4.85 356 
8.4 3.59 27 306 .456 1.49 2.10 280 
7.8 2.26 209 311 472 1.52 0.74 287 
1.5 3.82 169 303 .646 2.13 1.69 345 
1.5 2.30 190 290 437 1.50 0.80 345 
7.5 4.20 131 296 550 1.86 2.34 — 
0.5 4.24 145 288 615 2.14 2.10 — 
2.8 3.79 179 312 .678 2:37 1.62 322 
5.8 3.23 200 305 646 2.12 1.11 309 
3.5 2.64 203 306 036 1.75 0.89 — 
5.9 2.96 195 294 577 1.96 1.00 --- 
0.0 4.32 153 261 .661 2.53 1.79 (sp. gr.: 1.016) 
9.0 3.61 192 300 .693 2.31 1.30 294 
5.7 1.41 218 316 .307 0.97 0.44 342 
16.5 4.34 194 300 .842 2.81 1.53 — 
1.2 9.75 157 293 1.530 5.22 4.53 392 
93.8 2.94 115 288 .338 1.17 1.77 371 
2.4 6.33 134 284 848 2.99 3.34 370 
75 3.03 228 315 .691 2.19 0.84 325 
70.7 2.25 149 297 3a5 1.13 1.12 369 
50.6 2.64 230 294 .607 2.06 58 — 
30.3 2.96 168 311 497 1.60 1.36 (sp. gr.: 1.008) 
20.4 5.70 151 283 861 3.04 2.66 314 
53.8 2.63 147 274 .387~ 1.41 1.22 ees 
45.1 3.40 148 262 503 1.92 1.48 _— 
98.0 5.10 183 309 .933 3.02 2.08 418 
57.3 2.69 251 304 .675 2.23 0.47 (sp. gr.: 1.010.) 
42.8 2.94 160 287 A471 1.64 1.30 (sp. gr.: 1.009) 
48.1 2.41 169 300 407 1.34 1.07 330 
8.8 2.32 272 325 .631 1.94 0.38 281 
22.8 3.65 179 292 .653 2.24 1.41 292 
20.7 4.62 122 268 564 2.10 - 2.52 383 
63.3 3.59 176 304 .632 2.08 1.51 369 
17.0 3.13 193 312 .604 1.94 1.19 383 








tOsmolar clearance. 
$Free water clearance. 
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ble II. Data for normal subjects at height of sustained water diuresis (all data 
| | Urinary 
Surface area Cin Coan Urinary flow osmolality 
Patient (M2) (ml./minute ) (ml./minute ) (ml./minute ) (mOsm./Kg.) 
| 
1. R. 8. 2.05 153 — 17.2 81 
2. J.C. 1.63 143 571 22.6 a4 
3. A. M. 1.87 124 610 18.5 53 
4. D. B. 2.20 134 580 20.2 51 
5. M.8. 1.96 93 — 19.4 85 
M.S. 1.96 113 — 20.3 59 
6. e 3. 1.59 132" _— 23.4 74 
¢ H. W. 1.81 126 429 18.9 114 
8. i o 1.82 106 484 12.0 67 
9. m ¥. 1.50 177 846 21.5 58 
E. V. 1.50 138* — 15.6 48 
10. W. G. 1.46 110 — 14.3 57 
11. G. W. t 2.10 137* — 18.2 57 
G. W. 2.10 160 506 18.1 62 
G. W. 2.07 129 612 13.6 49 
12 cc o..7 1.83 178* —_— 18.1 51 
C.C, 1.7! 12! 486 15.5 57 
13. R. M. t 1.92 166* —_ 14.2 88 
R. M. 1.92 131* —_ 17.1 83 
Mean valuts 
(19) 1.85 129 569 17.8 66 





*Creatinine clearance. 
+Diabetes insipidus patients. 


diagnoses are listed in Table I. All patients were ambulatory and eating well. The diets 
contained 40 to 80 Gm. of protein and 4 to 8 Gm. of sodium chloride. The lower levels 
of protein intake were ingested by the most azotemic patients. All experiments were 
conducted with the patients supine and in the postprandial state. 

Dilution test. Following the oral ingestion of 1,000 ml. of water, this positive state 
of hydration was maintained for a 5 hour period by the continuous intravenous infusion 
of 2.5 per cent dextrose in water equal to the concomitant urine volume. A sustaining 
infusion of inulin and para-aminohippurate (PAH) was maintained after a priming 
dose. Urine specimens were obtained by spontaneous voiding; patients who had signifi- 
sant residual volumes in the bladder or who experienced difficulty in voiding were 
catheterized during the experiment. Four to 6 clearance periods of 20 to 30 minutes 
duration weve utilized at the height of sustained water diuresis between the third and 
fifth hours, with blood samples drawn at the mid-point of each period. Serum and urine 
were analyzed for inulin, PAH, creatinine, sodium, and freezing-point depression by 
methods previously reported.19, 11 

Concentration test. The patients ingested no water after 9:00 p.m. At 7:00 A.M. the 
next day they emptied their bladders, and a 4 hour infusion of aqueous Pitressin at the 
rate of 260 mu. per hour was started. The patients voided hourly for 4 hours and the 
volume, specific gravity, and osmolality of the last specimen were measured. Breakfast was 
withheld during the test. 

Normal controls. The subjects with normal renal function who were utilized for com- 
parison were the following: 
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lata corrected to 1.73 M2) 





y Serum Solute Predicted solute 
ty osmolality Excretion Ca Cu,o Cuzo per Urinary flow excretion per 


Kg.) (mOsm./Kq.) (mOsm./ (ml./minute) | (ml./minute)| 100 ml. GFR \per 100 ml. GFR normal C;,,, 
| 
minute ) | 














290 1.39 4.8 12.4 8.1 11.2 1.17 
270 1.22 4.5 18.1 13.9 15.8 1.22 
281 98 3.5 15.0 12.1 14.9 98 
273 1.03 3.8 16.4 12.2 15.1 1.03 
278 1.65 5.8 13.6 14.6 20.8 2.20 
284 1.20 4.2 16.1 14.3 19.0 1.31 
287 1.73 6.0 17.4 13.2 17.7 1.73 
285 2.16 7.6 11.3 9.0 15.0 2.16 
274 80 2.9 9.1 8.6 11.3 94 
269 1.25 4.6 16.9 9.5 12.2 1.25 
274 75 2.7 12.9 9.3 11.3 75 
279 82 2.9 11.4 10.4 13.0 82 
287 1.04 3.6 14.6 10.6 13.3 1.04 
287 1.12 3.9 14.2 8.9 11.3 1.12 
264 67 2.5 11.1 8.6 10.5 67 
299 92 3.1 15.0 8.4 10.2 92 
266 88 3.3 12.2 9.5 12.1 88 
281 1.25 4.4 9.8 5.9 8.5 1.25 
300 1.42 4.7 12.4 9.5 13.1 1.42 
= 280 1.17 4.1 13.7 10.3 13.4 1.21 





1. THOSE WHO DURING OTHER STUDIES WERE UNDERGOING A MAXIMAL WATER DIURESIS 
PERFORMED IN A COMPARABLE MANNER. In some subjects hypotonic mannitol, a mercurial, and/ 
or Aminophyllin were administered during the water diuresis to increase acutely the rate of 
solute excretion. 

2. THE SIGNIFICANT DATA FROM THE 3 PATIENTS WITH DIABETES INSIPIDUS WHO WERE 
UNDERGOING A MAXIMAL WATER DIURESIS ARE PRESENTED IN TABLES IT Anp ITI. 

3. NORMAL SUBJECTS OR PATIENTS WITH DIABETES INSIPIDUS ON WHOM ADEQUATE DATA DUR- 
ING A MAXIMAL SUSTAINED WATER DIURESIS WERE AVAILABLE FROM THE LITERATURE,10, 12-14 

By combining the data in subjects from Groups 1, 2, and 3 above, a total of 69 
control experiments on these 58 subjects was obtained. 

In order to compare the parameters of maximal water diuresis (free water clearance, 
urinary flow, and minimal urinary osmolality) of the patients with chronic renal disease with 
those of the normal subjects, it is essential that the comparison be made at equivalent 
rates of solute excretion, or, more correctly, at equivalent rates per unit of functioning 
nephron mass. If the kidney with a markedly reduced functional mass is excreting a 
normal solute load, then each remaining nephron is exposed to a distinct osmotic load. 
The magnitude of this load referable to normal renal mass would be as follows: 


“normal” functional renal mass 
observed functional renal mass 





x observed rate of solute excretion (mOsm. per minute) = 


predicted rate of solute excretion 
with normal renal mass, 








174 Kleeman, Adams, and Marwell J. Lab. & Clin. Med. 
August, 1961 


Table III. Water diuresis during increasing solute excretion in normal subjects (al/laté 











Urinary | Urinary 
Surface | Cre Coan flow osmolality ‘ 
| Mechanism by which solute area | (ml./ (ml./ | (ml./ (mOsm./ | 9? 
Patient | exeretion was increased (M2) | minute ) minute) | minute) Kg.) (mO 
. ea 3% mannitol 1.70 143 575 29.7 119 
3. A. 3% mannitol 2.04 90 424 20.6 155 
3. A. K. 3% mannitol 2.01 100 561 17.8 131 | 
A. K. 3% mannitol + 
0.5 Gm. Aminophyllin 2.01 106 676 24.9 199 
4 dH. 2 mil. Hg I.V. + 
3% mannitol 1.93 123 —- 30.7 142 | 
JN. After 0.5 Gm. | 
Aminophyllin 1.93 126 seed 42.6 155 | 
om Bee 2.5% glucose + 
0.5 Gm. Aminophyllin 1.92 206 741 30.1 128 | 
6 LL. 2.5% glucose + 2 ml. 
Hg I.V. + 0.5 Gm. 
chlorothiazide, P.O. 1.75 148 752 24.9 103 
7, em 2.5% glucose + 
0.5 Gm. Aminophyllin 1.86 140 722 28.8 8. 
Mean values (9) 1.89 131 636 27.8 13° 





If the rate of glomerular filtration (GFR) is a reasonable approximation of functional 
mass, then’ the left-hand side of the above equation can be written: 


normal GFR* 


- —— x Observed rate of solute excretion. 
observed GFR 





This equation has been utilized in the present study to caleulate all the derived data (Table 
[V). Its limitations will be discussed subsequently. All the observed data have been cor- 
rected to 1.73 M2. The urinary flow (V) and free water clearance (Cy,o) are expressed per 
100 ml. of glomerular filtrate, i.e., 
V C 
Gc * 100 and 7 


2° x 100. 








Results 


Observed data (Tables I, II, and III, and Figs. 1, 2, and 3). The severity 
of the impairment in renal hemodynamics and the blunted response to the 
sustained water load is evident from the data in Table I. When compared 
to the results obtained with normal subjects from this laboratory and with the 
literature (Tables II and III, Figs. 1, 2, and 3), the magnitude of the alteration 
in water diuresis can be appreciated. The observed urinary flow and the Cy, 
were always much decreased in the chronic renal disease patients, and the 
observed minimal osmolality variably but consistently increased. 

The maximal urinary concentrations attained during the standard intra- 
venous Pitressin test on patients with chronic renal disease are listed in the 
last column of Table I. When tested, all patients but Nos. 2 and 23 were able 


*In the present study, normal glomerular filtration rate per 1.73 M? of body surface area 
has been considered 124 ml. per minute for men and 109 ml. per minute for women.” 
For uniformity, the rate of solute excretion in the normal subjects and of those in the 
literature have also been corrected for these filtration rates (Tables II and III). 
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; (ajflata corrected to 1.73 M?) 
nary Solute 
slality Serum excretion Urinary flow | Predicted solute 
Osm./ osmolality (mOsm./ Cis Cu,o Cu,o per 100 ml. excretion per 
“g.) (mOsm./Kqg.) minute ) (ml./minute) | (ml./minute) | 100 ml. GFR GFR normal Cin 

119 267 3.53 13.2 16.5 11.5 20.8 3.06 

155 | 273 3.19 11.7 8.9 9.9 22.9 4.39 

131 | 285 2.33 8.2 9.6 9.6 17.8 2.89 

199 | 289 4.96 17.1 7.8 7.4 23.5 5.80 

142 | 287 4.36 15.2 15.5 12.6 25.0 4.36 

| 

155 | 286 6.60 23.1 19.5 15.4 33.8 6.60 

128 | 289 3.85 13.3 16.8 8.2 14.6 2.32 

103 274 2.56 9.3 15.6 6.3 16.8 2.14 

8: 282 2.45 8.7 20.1 14.4 20.6 2.17 

13° 281 3.76 13.3 14.5 10.6 21.8 3.75 





to concentrate to an osmolality at least equivalent to that of the plasma, and 
always significantly above the maximal urinary dilution (mean of 359 as 
compared to 174 mOsm. per liter, respectively). Therefore, in this group of 
patients no example of ‘‘fixed’’ osmolality (isosthenuria) was observed. 
Cases Nos. 2 and 23 may be mild examples of ‘‘aequired nephrogenic diabetes 
insipidus. ’’!® 17 

When the maximal urinary flows of the patients with chronic renal disease 
were expressed per 100 ml. of glomerular filtrate, they greatly exceeded the 
comparable values of the normal subjects (mean of 31.3 as compared with 
14.7 ml. per minute, respectively) (Table Il). Despite this, the ability of the 
patients to maximally dilute their urine was definitely impaired (mean mini- 
mal osmolality: 174 as compared to 66 mOsm. per liter, respectively). When 
all the available data on these parameters of maximal water diuresis are 
plotted against the predicted rate of solute excretion for normal renal mass 
(GFR) (Figs. 4 and 5), the apparent differences in maximal urinary flow and 
minimal urinary osmolality between the normal individuals and the patients 
disappear, i.e., with this correction, the parameters of maximal water diuresis 
were quantitatively comparable in both groups. 





Urinary flow per 100 ml. GFR, as might be predicted, increased linearly as 
solute load increased (Fig. +). Free water clearance (Cy.0) per 100 ml. GFR, 
however, showed no such simple relationship (Fig. 6). When renal hemody- 
namies and solute excretion are relatively constant, the free water clearance is 
inversely related to the level of circulating antidiuretic hormone (ADH).* ** '° 
We have assumed that the water-loaded recumbent subject in the present 
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Table IV. Derived data from chronic renal disease subjects at height of maximal 
sustained water diuresis (all data corrected to 1.73 M?) 





Predicted 
Urinary solute 
Cuo per | flow per | excretion 
100 ml, | 100 ml. per normal| % GFR*| % RPFt 





Patient | Diagnosis GFR GFR Cin \of normal\of normal 
1. R.G. Chronie glomerulonephritis 12.4 16.9 1.61 31.4 27.4 
2. G. A. Chronic pyelonephritis 18.7 32.1 5.05 9.0 5.9 
G. A. Chronie pyelonephritis 21.8 66.5 17.21 2.7 1.2 
. F.R Polyeystie kidneys 14.7 33.2 6.96 9.3 4.8 
F. R. Polycystic kidneys 11.0 31.5 7.42 5.8 3.3 
4. J.C. Chronie glomerulonephritis 12.1 21.8 3.53 15.5 10.38 
me Gy Nephrosclerosis + polyeystiec 
kidneys 15.9 32.1 5.78 10.6 6.2 
Cc. W. Nephrosclerosis + polycystic 
kidneys 19.1 44.6 9.89 6.9 3.5 
6. A. E. Chronie pyelonephritis 16.1 46.8 11.61 5.6 2.4 
1. &od Chronic pyelonephritis + 
nephrosclerosis 10.3 30.7 7.73 6.9 3.6 
G. D. Chronie pyelonephritis + 
nephrosclerosis 18.5 54.8 13.25 4.4 2.4 
8. W.S. Nephrosclerosis 13.5 32.5 6.16 10.4 7.6 
9. 1.8. Chronie_ pyelonephritis 11.1 30.9 7.34 9.4 6.0 
I. 8. Chronic pyelonephritis 8.3 26.6 7.18 4.3 0.87 
10. E.S8. Chronie pyelonephritis 18.4 52.3 12.58 6.6 2.5 
11, LC. Chronie pyelonephritis 19.0 41.0 7.97 19.2 13.9 
L. C. Chronic pyelonephritis 15.3 25.3 3.61 9.4 8.2 
12. M.F. Chronic glomerulonephritis 15.1 28.6 4.76 17.1 14.1 
13. R. K. Chronic glomerulonephritis 5.7 20.6 5.83 11.9 18.0 
14. B.S. Chronic pyelonephritis 6.5 13.1 2.41 13.8 10.8 
15. B.T.( 9) Chronie pyelonephritis 3.1 13.9 3.48 17.4 25.4 
16. H.C, Chronic pyelonephritis 13.1 28.5 5.93 8.3 4.6 
17. A.8. Chronie pyelonephritis 20.8 - 44.5 8.34 10.3 3.1 
18. O.S. Nephrosclerosis 9.3 20.1 3.66 10.6 8.2 
After 0.5 Gm. Aminophyllin 10.1 23.3 4.27 11.8 6.9 
19. S. F. Chronie pyelonephritis 9.0 22.1 5.01 18.6 15.0 
20. A. L. Polycystic kidneys 4.3 24.5 7.61 8.9 8.8 
21. G.C. Chronie pyelonephritis 10.2 23.0 4.56 10.3 6.5 
22. W.B. Malignant nephrosclerosis 9.0 20.3 4,24 9.6 7.4 
23. W. H. Chronie pyelonephritis 8.4 51.6 17.39 3.6 1.3 
24. R. W. Chronie pyelonephritis 12.9 42.9 7.43 6.9 3.5 
25. L. E. Chronic glomerulonephritis 9.9 18.1 2.74 20.6 18.5 
26. G. T. Malignant nephritis + 
chronie pyelonephritis 12.8 30.4 6.64 9.5 9.7 
at. ¥F.3B. Chronic glomerulonephritis 8.2 21.4 5.13 11.8 17.9 





*Normal GFR (CF): 124. 109.% 
*+Normal RPF: 654, 592. 
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study is in a state of physiologic diabetes insipidus, but it is possible that, in 
some, a small but significant quantity of ADH was still present in the circulating 
blood during the water load. This could account in part for the scatter of 
points in Fig. 6. Nevertheless, the distribution of points representing the 
patients with renal disease, with few exceptions, could not be differentiated 
from those representing the normal subjects. 
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GLOMERULAR FILTRATION RATE (GFR) 
ce /min./ 1.73 M2 
Fig. 1. Relationship between observed maxintal urinary flow and the level of renal function, 
as measured by the glomerular filtration rate. 


In normal subjects, within the physiologic range of solute excretion 
(<2mOsm. per minute), CH.0 progressively increases with the rate of solute 
excretion.” '® ' 1% 2° This is evident from the points below 2 mOsm. per minute 
in Fig. 6. Between 2 and 10 mOsm. per minute there is no evidence from 
these grouped data of a further increment in Cy, in either the normal subjects 
or the patients. Because of the small number of observations, nothing ean be 
said about the Cy,o above 10 mOsm. per minute. Minimal urinary osmolality 
increased almost asymptotically toward plasma osmolality as predicted solute 
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excretion increased (Fig. 5). However, it appeared that, regardless of the 
magnitude of the excreted solute, some dilution of the glomerular filtrate 
could always be attained. 
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Fig. 2. Relationship between free water clearance (C wo) and the level of renal function, as 
{ I He ’ 


measured by the glomerular filtration rate. 


Discussion 


The approach to the problem of water diuresis in chronie renal disease 
utilized in the present investigation makes the following assumptions: 

1. The remaining nephrons are relatively uniform in function and normal 
with respect to ‘‘glomerulo-tubular balance.’’ 

2. Inulin clearance measures GFR in chronie renal disease,”' and the latter 
is a reasonable approximation of renal functioning mass. 

Oliver’s microdissection studies on the diseased kidney*’ have clearly 
shown that the residual nephrons are far from uniform in structure. This 
would mean that some nephrons would actually be carrying a greater solute 
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load than assumed, while others would be carrying less. The present derived 


data, therefore, represent only the over-all function of a heterogenous nephron 
population.* 
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Fig. 3. Relationship between minimal urinary osmolality and the level of renal function, as 
measured by the glomerular filtration rate. 


At present, there is no way of properly assessing whether the rate of 
glomerular filtration (inulin clearance) is a reasonable approximation of the 
remaining functional renal mass. To our knowledge, no other test of renal 
funetion is any more reliable for this purpose. Great care was taken to select 
patients whose state of water and electroylte balance and eardiae function 
were normal, so that structural, rather than ‘‘functional,’’ reductions in 
inulin clearance could be reasonably assured. Despite this, the inulin clear- 
ance may be only a rough approximation of functioning nephrons. The de- 
rived data and the conclusions drawn must be accepted with this limitation in 
mind. 

*In chronic renal disease and experimental reductions in renal mass, the glomerular filtra- 

tion per nephron may actually be greater than normal. If this is a general occurrence 


in the patients studied, the derived value for the predicted rate of solute excretion is 


less than the actual magnitude of the osmotic load per nephron; this possibility cannot 
be excluded. 
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In normal subjects, for any given level of glomerular filtration, the rate 
of solute exeretion influences the urinary flow and the minimal urinary 
osmolality (i.e., as solute load increases, urinary flow and osmolality in- 
crease ).'* 1 152° Therefore, in echronie renal disease, the excretion of 
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‘eorrected’’ solutes (see above) must be utilized in interpreting the pa- 
rameters of water diuresis. 
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Fig. 4. (Derived data). Effect of the rate of solute excretion on the maximal urinary flow 
per 100 ml. of glomerular filtrate. 


Within the limits of the methods used in the present study, the maximal 
water diuresis in chronic renal disease is normal for the mass of residual 
nephrons. This substantiates the observations and interpretation of Bricker, 
and associates,”? who studied dogs with experimental renal failure, and of 
Walser and Orloff,’ in their study of nephrotic patients. Further evidence for 
a normal mechanism for urinary dilution is the observation that, as in normal 
subjects, a significant reduction in solute excretion in chronic renal disease 
decreases the minimal urinary osmolality (improves the diluting capacity) .?* 

In Fig. 7, the maximal urinary osmolality during the Pitressin test in 
patients with renal disease is plotted against the ‘‘corrected’’ rate of solute 
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Fig. 5. (Derived data). Effect of the rate of solute excretion on the minimal urinary 
osmolality. 


excretion; these are represented by the points in the figure. Superimposed 
is a curve representing the average data from hydropenic normal subjects at 
comparable rates of solute exeretion.” © ** *° 27 This strongly suggests that 
solute diuresis per se cannot for the defect in concentrating capacity present 
in chronic renal disease when it is expressed as maximal urinary osmolality 
attained at any predicted rate of solute excretion. This confirms the observa- 
tions of Baldwin and co-workers,® Dorhout-Mees,?* **.and the recent report 
of Franklin and associates.2* However, the other parameter of concentrating 
capacity, the maximal rate of tubular reabsorption of free water in milliliters 
per minute (TyCy,o) could not be calculated reasonably from the given data, 
and no statement about this parameter can be made. 

Addendum. Since completion of these studies we have encountered our first example 
of a true defect in urinary dilution. The patient, a 50-year-old man with bilateral atrophic 
pyelonephritis, was unable to dilute the urine below the osmolality of the simultaneously 
collected serum. This was confirmed on 2 occasions. During a maximal sustained water 
load the renal hemodynamics and parameters of water diuresis in the patient were as follows: 
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Fig. 7. Concentrating capacity of patients with renal disease compared with capacity of 
normal subjects. 
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PAH clearance, inulin clearance, maximal urinary flow, minimal urinary osmolality, and 
plasma osmolality were 36, 8, and 1.4 milliliters per minute, 305, and 306 mOsm. per kilo- 
gram, respectively. It is of extreme interest that this case was also a typical example 
of “salt-losing nephritis.” The concentration of sodium in urine did not fall below 95 
mEq. per liter, despite 4 days of rigid salt restriction (200 mg. per day) and simultaneous 
administration of 2 mg. per day of 9-alpha-fluorohydrocortisone. It is most probable 
that the major defect in sodium conservation was in the distal segment of the nephron, that 
area responsible for creating a maximally dilute urine during a sustained water diuresis. 


Grateful acknowledgement is made of the assistance of Joanne Wilson and Trudy Isaacs. 
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An evaluation of maximal water diuresis in chronic 
renal disease. 


ll. Effect of variations in sodium intake and excretion 


DONALD A. ADAMS, M.D.,* CHARLES R. KLEEMAN, M.D.,** LEONARD 
H. BERNSTEIN, M.D.,*** and MORTON H. MAXWELL, M.D.**** 
Los Angeles, Calif. 


WITH THE TECHNICAL ASSISTANCE OF GARY LUNDE and ROSE TWISS 


In a previous paper we concluded that a true defect in maximal urinary dilution did not 
exist in chronic renal disease. The observed values seemed adequately explained by the 
relative osmotic diuresis in each of the residual nephrons. However, the defect in maximal 
concentrating capacity was consistently greater than anticipated from the osmotic load 
per nephron. If these observations and conclusions are correct, a reduction in solute load 
per nephron should improve the maximal diluting capacity without appreciably correcting 
the concentrating defect. In the present study the rate of solute excretion was decreased 
by marked reduction of the salt content of the diet for 3 days prior to the sustained water 
load. This diet change, and the reduction in solute excretion, caused a consistent improve- 
ment in the maximal diluting capacity without improving the defect in maximal concen- 
trating capacity. These findings are consistent with the suggestion that diluting capacity 
is normal in the residual nephrons in chronic renal disease, but that a true defect in con- 
centrating capacity exists. 


‘hn previous report’ suggests that the apparent defect in urinary dilution 


in patients with chronie renal disease can be explained by an increased solute 
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load within the residual nephrons. The minimal urinary osmolalities of patients 
with renal insufficiency were found to be approximately equal to those of normal 
subjects during maximal water diuresis at comparable solute loads.’ In contrast, 





a true concentrating defect may be present in chronic renal disease. If, as 
postulated, no ‘‘true’’ impairment of diluting ability is present, a reduced rate 
of solute excretion should result in a more dilute urine (decreased minimal 
osmolality ).” 

Accordingly, in the present study, solute excretion was reduced by restric- 
tion of sodium intake. 


Materials and methods 

Sixteen paired studies were performed on 15 male azotemic patients with stable chronic 
renal disease who were selected by the criteria previously outlined.1 The diagnoses are listed 
in the first column of Table I. 

Diets and sodium intake. Each patient was placed on 2 separate diets (A and B), 


differing only in their sodium content, for 5 to 7 days prior to and during the test period. 
In 12 instances, diet A was given first; 4 patients (Nos. 2, 5, 8, and 14) received diet B first. 
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Fig. 1. Effect of normal (A) and low (B) sodium intake on the renal diluting ability 
(minimal urinary osmolality) during maximal water diuresis. Each line interconnects the 
results obtained for each patient on each diet. 
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Fig. 2. Effect of normal (4A) and low (B) sodium intake on the free water clearance 
(Cyeo) during maximal water diuresis. 


DIET A (NORMAL SODIUM DIET). Diet A contained approximately 60 to 80 Gm. of protein 
and 90 to 175 mEq. of sodium daily. 

DIET B (LOW soODIUM DIET). Diet B had the same protein content as diet A, but only 
10 mEq. of sodium daily. 

Distilled water was given ad libitum. The diets were approximately isocaloric. While 
on the low sodium diet, 3 patients (Nos. 2, 3, and 4) received a potent mineralocorticoid 
(MC), 9-alpha fluoroprednisolone, 0.25 mg. twice a day on the day preceding and the day of 
testing. The contents of the diets are listed in Table I. 

Dilution and concentration tests. The procedures described in the previous report! were 
used to study the diluting and concentrating ability of all patients. The concentration of 
urea in the serum and urine was measured by the method of Archibald and associates.3 

A timed 24 hour urine collection was made while each patient was on each diet in order 
to measure total volume and sodium excretion. 

All observed data during water diuresis are corrected to 1.73 M2 surface area. The 
eae 


derived rate of solute excretion per normal renal mass (——— x C,) was ealeulated as 
“in 


in the previous paper. U,,,,V and C,, represent solute excretion and inulin clearance, 
respectively. 
Results 


I. Sustained water diuresis (Table I and Figs. 1 through 5). 
URINARY OSMOLALITY, Cy,9 AND SOLUTE EXCRETION. The minimal urinary 
osmolality during a sustained water diuresis was significantly lowered by sodium 
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Table I. Water diuresis in chronic renal disease patients on normal (A) and low (B) odin 





























| Urine 
Diet Serum | Urinary | osmo- 
| (Na- creat- flow C. | €a, lality 

S.A, mEq./ inine (ml./ | (ml./ (ml./ (mOsm./ 
Patient | Diagnosis (M2) day) (mg. % )\ minute) | minute) minute ) Kg.) 
1. H.C. Chronie pyelonephritis 2.03 A-100 11.0 2.4 11.3 ae 2,341 
B- 10 14.3 1.3 7.8 spaces 109 
2. P. W. Nephrosclerosis 1.59 B- 10 4.9 2.7 7.8 40.3 156 

A-175 4.8 3.6 10.9 73.0 179 - 
3.L. E. Chronie glomerulonephritis 1.83 A-175 3.4 2.4 19.0 93.1 218 
B- 10 3.2 4.6 25.5 120.7 122 
4.C. W. Nephrosclerosis 1.78 A-100 8.3 3.8 8.5 22.8 179 
B- 10 8.9 4.5 10.1 21.3 181 
5. F. B. Chronie glomerulonephritis 2.02 B- 10 5.2 3.0 13.9 135.0 145 
A-100 4.5 3.2 14.6 136.0 204 
6. W. B. Malignant nephrosclerosis 1.84 A- 90 5.8 2.4 11.9 48.1 169 
B- 10 5.6 3.1 11.5 42.5 123 
7. W. H. Chronic pyelonephritis 1.82 A- 90 18.1 2.3 4.5 8.8 272 
B- 10 22.8 8 3.9 8.3 227 
8.P.D. Nephrosclerosis 2.09 B- 10 10.1 2.0 6.9 20.9 174 
A-100 10.0 2.7 7.9 29.6 202 
94. L.C. Chronic pyelonephritis 1.81 A-100 5) 2.9 11.6 53.8 115 
B- 10 3.4 3.2 13.4 68.2 102 
9B. L. C. A-175 4.2 6.7 22.5 52.0 165 
B- 10 4.8 6.0 19.6 59.8 146 
10.G.T. Malignant nephrosclerosis 2.03 A-175 7. 3.6 11.8 63.3 176 
Chronic pyelonephritis B- 10 9.7 3.0 10.0 45.3 179 
11.R. K. Chronic pyelonephritis 1.57 A-175 5.2 4.0 15.4 51.7 185 
B- 10 5.7 5.8 14.7 68.2 130 
12. J.C. Polycystic kidneys 1.62 A-175 2.5 6.2 24.5 87.4 122 
B- 10 2.7 5.1 21.2 85.6 106 
13. J.D. Chronie glomerulonephritis 1.81 A-175 4.6 6.2 17.1 74.1 174 
B- 10 5.1 4.0 12.1 58.8 145 
14. J.M. Acute glomerulonephritis 1.83 B- 1( 2.9 5.3 29.7 217.0 120 
A-175 2.8 6.5 25.2 182.0 166 
15. W.G. Chronic glomerulonephritis 1.83 A-175 8.0 4.6 8.5 49.7 193 
B- 10 8.5 4.4 8.5 55.0 177 
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3 ) pocium diets 
| | | | | |Predicted 
| solute 

} | | ercre- 

¢ Solute Serum | | | Con | tow | ; ’ 
} | . } | Be * Uy 

)- excre- osmo- | | Serum 100 ml. | Normal pe hour urine 
y tion lality C- Cue | On | UxeV | Na GFR | C,, Na « « retion 
n./ B/mOsm. | (mOsm./ (ml., (ml./ (mEq./ (nEq./ | (m Eq./ | (ml./ (mOsm./ volume 
) minute ) Kg.) minute) | minute) liter) | minute) | liter) | minute) | minute) (mEq.) | (ml.) 
—— | 
l 571 303 1.9 0.5 34.5 84.2 Bre 4.9 6.3 142.0 4,130 
dD} 140 286 0.5 0.8 2.1 2.7 cae 10.3 1.5 6.0 2,465 
b 418 291 1.4 1.3 15.6 41.8 129.3 15.9 4.8 17.2 1,243 
a 653 292 23 1.4 46.7 170.5 131.2 12.9 7.4 47.9 1,560 
8 519 292 1.8 0.6 32.6 77.6 139.0 3.2 3.4 mae ateZ 
- 564 268 2.1 2.5 12.0 55.4 138.5 9.9 2.7 ares «ee 
9 | 678 312 2.2 1.6 30.6 116.0 134.7 19.1 9.9 50.0 1,960 
l 816 313 2.6 1.9 STF 125.0 33.8 18.8 10.0 22.5 1,600 
3) 302 436 1.4 1.6 10.6 31.9 140.2 11.3 3.7 11.2 1,545 
4 312 659 2.1 1.1 39.9 128.9 145.0 7.7 5.6 29.5 1,295 
9 407 300 1.3 ie | 9.8 23.6 135.0 9.0 4.2 24.8 2,335 
3 383 300 1.3 1.8 5.7 17.7 137.4 16.0 4.0 10.9 3,035 
- 631 325 1.9 0.4 67.2 144.0 137.0 8.4 17.4 202.0 3,015 
7 415 321 1.3 0.5 47.1 86.0 134.0 13.8 11.4 96.2 2,015 
4 352 308 1.1 0.9 14.9 30.1 138.4 12.8 5.5 22.3 2,080 
2 553 318 1.8 0.9 34.4 94.3 143.6 12.6 8.7 48.0 1,375 
5) 338 288 1.2 1.7 20.1 59.0 134.7 15.3 3.6 80.6 2,920 
2 322 286 1.1 2.1 17.1 54.0 133.8 15.1 3.3 55.3 2,625 
5 1.106 302 3.7 3.0 49.2 330.0 137.6 13.5 6.1 288.0 4,100 
6 876 302 2.9 3.1 30.8 185.0 126.4 15.8 4.8 160.0 2.675 
6 632 304 2.1 1.5 46.7 167.7 143.3 12.8 6.6 ae ae 
9 539 303 1.8 1.2 40.1 120.7 141.7 12.3 5.7 79.4 1,430 
5 750 303 2.5 15 41.5 168.0 138.8 10.2 6.0 140.0 2,620 
0 .750 295 2.5 ai 23.6 136.0 134.6 21.9 6.0 104.5 3,520 
: 754 280 2.7 3.5 28.0 173.0 135.2 14.2 3.1 104.5 3,520 
6 544 283 1.9 3.2 ws 57.0 132.3 15.7 2.8 28.2 3,895 
4 1.082 293 3.7 2.5 50.3 312.9 138.8 14.8 7.8 28.4 870 
) 573 285 2.0 2.0 28.7 113.4 137.5 16.0 4.1 53.8 1,830 
0 .638 297 2.2 3.1 12.4 65.9 143.4 10.7 2.7 20.7 ~=—-2,760 
6 1.072 293 3.7 2.8 36.0 232.6 145.6 11.1 5.3 184.3 2,865 
3 886 32 2.8 1.8 43.1 117.8 135.2 21.5 12.9 54.6 2,120 
7 .770 317 2.4 2.0 38.4 167.0 133.0 22.6 11.2 70.3 2,130 
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Table II. Vasopressin (Pitressin) concentration test in chronic renal disease 
patients on normal (A) and low (B) sodium diets 








| | Urine Serum 
| Serum | Volume | osmolality | osmolality Uunus OunnaV 
creatinine | (ml./ (mOsm./ | (mOsm./ Uean. (mM./ (uM/) 
Patient | Diet (mg. %) | minute) Kq.) Kq.) Posy. liter) minute ) 
.. Bo" A 11.0 1.8 294 316 0.9 85.0 154.0 
B 14.3 2.0 230 305 0.8 69.0 138.0 
3. P. W. B 4.8 1.7 302 290 1.0 38.3 _ 64.0 
A 4.9 2.5 292 293 1.0 333 84.6 
3. L. E. A 3.4 1.3 421 294 1.4 61.3 79.7 
B 3.2 1.3 383 287 13 106.7 138.7 
4. CW. A 8.3 1.8 322 313 1.0 62.3 106.0 
B 8.9 2.3 235 317 0.7 45.8 103.5 
5. F. B. B 5.2 2.0 385 304 1.3 89.0 180.7 
A 4.5 2.5 383 308 1.2 63.3 158.0 
6. W. B. A 5.8 1.8 330 310 1.1 85.0 154.0 
B 5.6 2.0 345 302 | 69.0 138.0 
7. W.H. A 18.1 sealed 281 325 0.9 am SILL 
B 22.8 ip ooo =e ee ee Séieee 
6. PF. D B 10.1 1.8 366 310 1.2 95.0 167.2 
A 10.0 2.6 393 322 1.2 93.8 243.9 
9a. L.C. A 3.5 2.6 371 291 1.3 ae esp 
B 3.4 1.7 401 292 1.4 64.5 103.8 
9B. L.C. A 4.2 1.0 394 307 1.3 56.7 56.7 
B 4.8 2.7 386 305 i3 70.0 187.0 
10. G. T. A 7.4 1.4 369 306 1.2 63.0 75.0 
B 9.7 1.3 372 307 1.2 86.0 92.9 
11. R. K. A 5.2 1.6 420 302 1.4 71.0 114.0 
B 5.7 1.1 425 305 1.4 95.3 106.0- 
12. J.C A 2.5 1.9 358 288 1.2 64.0 123.0 
B 2.7 0.8 331 284 1.2 79.0 63.2 
13. J.D. A 4.6 2.8 351 298 1.2 64.6 182.8 
B 5.1 3.3 330 288 1.2 66.6 216.5 
14. J. M. B 2.9 2.3 373 299 1.2 96.6 225.1 
\ 2.8 4 372 299 1.2 56.0 136.1 
15. W.G. A 8.0 ie pas =e cae ce nee 
B 8.5 1.7 314 320 1.0 60.0 100.0 





*This patient was maintained on each diet for several weeks before testing. The data ob- 
tained were from an average of 6 hour urine collection periods while the patient received 
aqueous Pitressin 0.3 ml. (6 units) subcutaneously every 4 hours for 24 hours. 
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restriction (diet B) in 14 of the 16 studies (Fig. 1). In two (Nos. 4 and 10) 
there was no change. The free water clearance (Cy,0) was increased in all but 
5 of the patients (Nos. 2, 8, 10, 12, and 13) following diet B (Fig. 2). The 
observed rate of solute exeretion (UgsmV) (Table 1) was reduced in all but 2 
patients (Nos. 4 and 11) following sodium restriction. 


Y 





The free water clearance per 100 ml. of crr( x 100 ) increased as 


in 
solute exeretion corrected to normal GFR (approximate normal renal mass),' 
decreased during sodium restriction in 12 of the 16 experiments (Fig. 3). The 
magnitude of the change in free water clearance per 100 ml. GFR was variable 
and no constant correlation to the magnitude of the fall in solute excretion 
could be made. 


SODIUM EXCRETION. While on diet B the concentration of sodium in the 
urine (Fig. 4, lower) and the rate of sodium excretion (Uy,V) (Fig. 4, upper) 
decreased in every instance except one (No. 4) during sustained water diuresis. 
However, the reductions in Patients Nos. 9a, 10, and 15 are of questionable mag- 
nitude. 

Therefore, varying, but generally favorable, degrees of sodium conservation, 
after sodium restriction, were attained during water diuresis in the patients 
studied. Only 9 patients (Nos. 1, 2, 3, 5, 6, 8, 9a, 12, and 14) were able to reduce 
the urinary sodium concentration to under 20 mEq. per liter after the low 
sodium diet (Table I). Although the relationship was not constant, certain 
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Fig. 3. (Derived data). The effect of variations in solute excretion on the free water clearance 
(Cu,o) per 100 ml. GFR in each patient during maximal water diuresis. (The numbers refer 
to patients as listed in Table I). 
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cases demonstrating the poorest ability to reduce sodium excretion also had the 
poorest reduction in urinary osmolality following salt deprivation (e.g., Nos. 
4, 10, and 15). 

SERUM sopIuM. The serum sodium fell 1 to 3 mEq. per liter in most instances, 
but dropped 4.8 mEq. per liter twice (Nos. 5 and 8) and 11.2 mKq. per liter 
once (No. 9B) following sodium restriction (Table I). 

INULIN AND PAH CLEARANCES. Moderate decreases in inulin clearance 
(GFR) oceurred in 5 patients (Nos. 1, 2, 9B, 12, and 13) with little change or 
slight increases in the others after salt restriction (Fig. 5, lower). Despite the 
fall in GFR, these individuals still demonstrated an augmentation of their dilut- 
ing ability. A reduction in GFR would be expected to impair maximal urinary 
dilution.* ® 

Similar patterns were observed in PAH clearances (RBF') (Fig. 5, upper). 

II. Maximal urinary concentration (Table II and Fig. 6). There was no eon- 
sistent change in maximal urinary concentration (vasopressin test) or osmotic 
urine-to-plasma (U/P) ratio following sodium restriction (Fig. 6). 







Uosm/ Posm 


mOsm/ Kg. 


URINARY OSMOLALITY (Uosm) 


NORMAL SODIUM DIET (A)! LOW SODIUM DIET (B) 


VASOPRESSIN CONCENTRATION 
TEST 


Fig. 6. Effect of normal (A) and low (B) sodium intake on concentrating ability during 
vasopressin infusion (2 patients were tested on only one of the diets). 
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Variations in the exeretion of urea in normal subjects significantly alter 
maximal concentrating ability. In the present study, urea excretion showed 
no consistent change (Table II) and could not be correlated with the maximal 
osmolality of the urine. 

III. Twenty-four hour excretion of sodium (Table I). Sodium restriction 
resulted in a significant reduction in the 24 hour excretion of this ion in 13 of the 
14 patients in whom it was measured. In 3 patients (Nos. 1, 5, and 6) sodium 
excretion was equal to or less than intake, and 1.5 to 2 times intake in 4 others 
(Nos. 2, 4, 8, and 14). More prolonged sodium deprivation may have reduced 
these exeretion rates further.’ 

Although Patients Nos. 4, 6, and 9a showed little change or even greater 
sodium exeretion per minute after diet B during maximal water diuresis, 
examination of the 24 hour sodium exeretion rates demonstrates a decided 
ability to reduce urine sodium after sodium restriction. 


Discussion 


In this study, by restricting sodium intake in patients with chronic renal 
disease, a reduction in the minimal urinary osmolality during water diuresis was 
attainable. Where the urinary osmolality showed no significant fall, sodium 
and/or total solute exeretion was not notably altered. It has been demonstrated 
that patients with chronie renal disease exhibit varying degrees of sodium 
excretion dnd conservation following sodium deprivation.*® In the present 
study this was similarly observed. A few patients showed little or no fall in 
sodium excretion after the low sodium diet during water diuresis. However, 
with the exception of Patient No. 15, the 24 hour rate of sodium exeretion, when 
measured, was considerably lower after sodium restriction.* This may indicate 
that a relative augmentation of sodium exeretion by a water diuresis is possible 
in chronie renal disease. 

Free water clearance (Cy,o), a measurement of the amount of solute-free 
water excreted during the diluting process, increases in normal subjects’ *™ 
or diabetes insipidus patients'® '* subjected to an osmotic load superimposed on 
a maximal water diuresis. This implies that the diluting segment of the nephron 
in normal subjects is capable of reabsorbing a greater proportion of the solute 
in the increased volume of isosmotiec tubular fluid delivered to it. In the pre- 
vious report,’ for the group of chronie¢ renal disease patients studied, the Cuy,o 
per 100 ml. GFR was usually highest in those patients with the greatest predicted 
solute excretion, up to approximately 8 mOsm. per minute per 1.73M?. Higher 
predicted rates of solute exeretion were not associated with greater free water 
clearances. 

In this paired study, in contrast to the normal, the Cy,o per 100 ml. GFR 
was increased or not significantly changed as the predicted solute excretion was 
reduced by a restricted sodium intake. Possible causes for this enhanced free 
water clearance after sodium deprivation in chronie renal disease include: 


*The explanation for the discrepancy in this one patient may have been due to his taking 
salt without our knowledge or, more likely, he may be a true “salt-losing” nephrictic.” 
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A decreased back-diffusion of water in the diluting segment of the residual 
nephrons as a consequence of variations in circulating antidiuretic hormone 
(ADH). 

An increased reabsorption of sodium in the diluting segment of the nephrons 
without accompanying back-diffusion of water. 

It is assumed that ADH release from the neurohypophysis is inhibited by a 
large water load as completely in chronic renal disease patients as it is in 
normal subjects. In the absence of ADH, the normal diluting segment is 
virtually impermeable to water, although movement of small amounts of water 
is probably not completely restricted."* It might be considered that circulating 
ADH was not completely absent during water diuresis in the patients on the 
normal salt intake, while it was absent in those on the restricted sodium diet. 
This could account for the slight increase in Cy,o observed during the low 
sodium diet. However, since salt deprivation in patients with renal insufficiency 
often results in a contraction of the extracellular volume, a potent stimulus to 
ADH release,’® it seems an unlikely hypothesis. Therefore, assuming that ADH 
is absent on both diets during the sustained water load, the difference in Cuy,o 
probably cannot be explained by variations in circulating ADH. 

An increased reabsorption of sodium in the diluting segment of the nephrons 
accompanying back-diffusion of water could account for a rising Cy,o after 
sodium restriction. It has been shown that the per cent excretion of sodium 
falls* and that tubular reabsorption of sodium inereases* in chronic renal 
disease patients after salt deprivation. To make the urine more hypotonic with 
a greater Cy,o despite a fall in sodium exeretion, requires that a larger propor- 
tion of sodium be reabsorbed in the distal portion of the residual nephrons than 
was reabsorbed in this site while the patient was on the normal salt intake diet. 
This suggests that reducing the solute load to the distal tubules in chronic renal 
disease may improve the ability to reabsorb sodium without water in these seg- 
ments. 

Lowering the sodium intake and excretion had little influence in improving 
the concentrating ability of the patients studied. Franklin and associates’® 
made similar observations, that lowering the osmolar clearance by hemodialysis 
did not improve the osmotic U/P ratio in patients with renal insufficiency. 


TuCu,o 


a (the quantity 
~in 


Baldwin and co-workers,'’ by ecaléulating the ratio 
of solute free water required to restore a hypertonic urine to an isosmotic state 
with respect to GFR), found that there was a specific defect in the concentrating 
mechanism in the majority of their patients with renal failure. 
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The relation between glomerular function and 


histology in acute glomerulonephritis 


A. E. PARRISH, M.D., N.C. KEAMER, M.D.,* ¥. E. HATCH, M.D., 
M. F. WATT, M.D., and J. S. HOWE, M.D. Washington, D. C. 


Twenty-one individuals with acute glomerulonephritis have been studied by means of renal 
biopsy and inulin and para-aminohippurate clearances. Nine of these were studied more 
than once. Of the observations made, the degree of glomerular cellularity and the inulin 
clearance seemed to correlate best. The ratio of glomerular to tubular function seemed 
to give some indication of the progress of the disease in that renal histology improved 
in those patients whose ratio rose during the course of the disease but remained un- 
changed in those whose ratio remained low. As has been observed in previous studies, 
the less the reduction in renal function during the acute stage of the disease the more 
rapid the return of function to normal. However, functional and histologic changes 
during the early phase of the disease may be extensively deranged without necessarily 


indicating @ poor prognosis. 


| with acute glomerulonephritis demonstrate varying degrees of 
depression of glomerular function during the acute phase of the disease and 
gradual improvement in function as healing occurs. That this depression may 
be related to the degree of pathologic involvement of the- kidney has been 
suggested by previous work.'* In order to further test this suggestion the 
following investigation was undertaken. 


Methods 


Renal needle biopsy was performed in each case in which the diagnosis of acute 
glomerulonephritis was entertained as soon as possible after the tentative diagnosis was 
made. Biopsy was followed in 2 or 3 days by the measurement of renal functions. Renal 
biopsies were performed as previously reported.5 Glomerular function (GFR) was estimated 
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by measurement of the clearance of inulin. Sodium para-aminohippurate (PAH) excretion 
was used to estimate effective renal plasma flow (ERPH) and tubular function (TmPAH). 
Renal biopsies were performed as early in the disease as possible, 1 month later, and whenever 
practical thereafter. Renal functions were performed in the 12 hour postprandial patient 
who had received no more than 250 ml. of water 1 hour prior to the tests. Three or more 
clearance periods were carried out for each determination. Creatinine clearances done before 
and after biopsy in another group of patients showed no change, suggesting that renal 
biopsy has no effect on function.® 

Renal biopsy specimens were fixed in Bouin’s solution, paraffin embedded, sectioned, and 
stained with hemotoxylin, eosin, and by the periodic acid—Schiff technique. Sections were 
cut at a thickness of about 5 u. 


Results 


Twenty-one patients were studied a total of 35 times. Twelve patients 
were studied once, 6 twice, and 3 were studied 3 or more times. The data 
are presented in Table I. 

Normal values (above 100 milliliters per minute) for GFR were found in 
4 patients on whom combined studies were done within the first 3 weeks of 
illness. None of these patients was very ill initially and all but one recovered 
without difficulty. Their renal biopsies showed minimal glomerular base- 
ment membrane thickening but a marked decrease in the apparent vascularity 
of the glomeruli and an increase in cellularity. A representative specimen 
is shown in Fig. 1, A. 

Glomerular filtration could not be correlated with the time from onset of 
the disease, since the scatter of data made any over-all conclusion impossible 
except that each patient was different in the degree of injury and the rapidity 
of recovery. 

In 9 patients serial determinations were possible. Seven of these patients 
showed some degree of improvement in their renal functions. One (Patient 
3) showed improvement in ERPF but no change in GFR and Patient 9 had an 
initial improvement in GFR but a slow decrease in ERPF. The one patient 
showing a steady decrease in renal functions (Patient 17) gradually deteriorated 
uver a year’s time and died. The histologic findings in the renal biopsies in 4 
of these patients seemed to indicate improvement, at least one patient (No. 9) 
showed some decrease in renal functions. Serial sections in this patient are 
illustrated. (Fig. 1, B through D) 

Grading of renal pathology was estimated by 3 persons independently, as 
previously reported.* Grading was subdivided into degree of glomerular 
cellularity, basement membrane thickening, and ischemia. The grading of 
histologic changes was then plotted against renal function. The best correlation 
seemed to be that of inulin clearance against glomerular cellularity (Fig. 2), 
possibly because cellularity is most easily estimated, or because one of the 
major histologic disturbances seems to be an increase in the number of endo- 
thelial cells. Basement membrane thickening was observed to some extent in all 
patients. This was most marked in those patients who presented clinically with 
the nephrotic syndrome.’ Histologically, these patients initially showed prolif- 
erative and exudative changes as well as thickening of the basement membranes. 





200 Parrish et al. J. Lah. & Cn Oe. 
These changes were associated with a clinical picture of edema, hypertension, 
hematuria, proteinuria, and normal serum cholesterol levels. The histologic 
picture then changed rapidly to resemble the more classical picture of basement 
membrane thickening seen in “nephrosis.”” Beeause of the initial histologic 
picture, however, these patients have been included. 

“One plus” glomerular changes were often associated with inulin clearance 
values greater than 100 milliliter per minute, thus either ‘one plus” changes are 
not functionally significant or are in reality normal histologic findings. Inulin 
clearance values of 100 milliliter per minute or higher also were found in in- 
stances where histologie changes were graded as 2* and 3°. GFR/TmPAH was 
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Fig. 1. A, Renal biopsy from a patient with minimal symptoms of acute glomerulonephritis 
showing slight basement membrane thickening, marked cellularity, and ischemia. B, C, D, 
Serial biopsies in a patient showing progression from an exudative-proliferative lesion 
to one primarily of basement membrane thickening. (Original magnification ~300. ) 
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Fig. 2. The relation between glomerular cellularity and the glomerular filtration rate. 


below 1.2 in 11 patients at some time during the course of the disease. This 
ratio was increased in 4 patients. The filtration fraction (GFR/ERPF) was 
high in 6, normal in 12, and low in 4 patients when done initially. 


Discussion 


Previous reports'** have indicated that renal function tests in acute 
glomerulonephritis give a reasonable indication of the state of renal histologic 
changes. Brod and BeneSova' found agreement between endogenous creatinine 
clearance and glomerular changes in 15 out of 29 patients studied. Most of 
the lack of correlation was believed to be due to the presence of greater damage 
to the glomerulus than was indicated by measurements of the GFR. The 
present study indicates that inulin clearance gives a good estimation of glomer- 
ular damage although minimal (‘one plus’) changes histologically may not be 
reflected in altered glomerular filtration as measured by inulin clearance. It 
has also been pointed out® that an increased erythrocyte sedimentation rate 
may give a clue to the severity of the renal lesion. 

Tubular changes in acute glomerulonephritis were the subject of a previous 
report.’ It has been suggested that the ratio of inulin clearance to TmPAH 
(GFR/TmPAH) gives some idea of the relative status of glomerular versus 
tubular function. Assuming a normal range of about 1.2 to 2.0,'' there were 
11 patients who demonstrated a low GFR/TmPAH value at some time during 
their course, suggesting greater glomerular than tubular damage. Six patients 
with serial renal functions showed changes in this ratio during the course of the 
disease. In 4 patients (Nos. 1, 9, 14, 18) whose initial studies were made during 
approximately the first month of their disease, this ratio was low initially, 
then rose; in 2 (Patients 1 and 9) the ratio finally fell again. This did not 
occur in Patients 3, 5, or 19, whose values did not change appreciably. The 
ratio in Patients 6 and 17 fell during the disease process although it rose again 
prior to death in Patient 17. Earle and associates*: '* noted the low initial 
GFR/Tm ratio and the rise in this ratio as the disease progressed but did not 
describe the subsequent fall. It is interesting to note that the renal histology 
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improved in those patients whose values rose, but remained statie in those in 
whom the ratio did not change. These findings, although based on a limited 
number of patients, suggest that glomerular damage predominates early in the 
course of glomerulonephritis, and is followed by the onset of tubular damage, 
which may temporarily exceed the degree of glomerular pathology, which in 
turn is followed by a healing of the tubular lesion. This seems to be confirmed 
histologically’? and the maximum tubular disruption seems to have occurred 
by the end of 30 days. At this point tubular epithelial vacuolization, degenera- 
tion, and pseudodilatation reach their peak; thereafter they subside. 

A reduced filtration fraction (GFR/ERPF) has been noted in previous 
studies® * even in the presence of hypertension. This was not true in our 
patients in whom values were variable. In those studied serially, 2 were high 
initially; 1 of these rose, then fell to normal, and the other fell markedly (Pa- 
tient 3). The remainder of the values were normal to start and then increased 
in 3, decreased in 2, and remained unchanged in 2. In 1 patient (No. 17) who 
died, the value was normal initially, rose, then decreased, and finally just be- 
fore death, returned toward the initial value. It would seem logical that 
variations in this value might be expected since it would depend on changes 
in the filtering membrane and patency of vascular channels. It would then be 
influenced by cellularity, fibrosis, exudation, and basement membrane thicken- 
ing. 

Previous reports **:* '* 15 have found that the less the reduction in renal 
funetion the more rapid the return to normal occurred and that the initial 
degree of impairment bore an inconstant relation to the ultimate prognosis. In 
our patients, it is interesting to note, glomerular changes were still present 
after 3 years, even though clinical recovery had occurred. 


Our results agree that, in general, patients who recovered from their acute 
attack clinically either had good renal function to start or improved rapidly 
after the onset of their disease. Deterioration of renal function is, as expected, 
a poor prognostic sign and seemed, in our studies, to accompany progressive 
histologic derangement. Functional and histologic changes during the early 
phase of the disease, on the other hand, may be extremely poor without neces- 
sarily indicating a poor prognosis. 
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The hemolytic effect of primaquine. XI. Decreased catalase 
activity in primaquine-sensitive erythrocytes 


ALVIN R. TARLOV, M.D.,* and ROBERT W. KELLERMEYER, M.D.** 
Chicago, Ill. 


Catalase activity was assayed in primaquine-sensitive and normal hemolysates. The 
results are at variance with those previously reported, due principally to refinements in 
technique. Bonnichsen, Chance, and Theorell, recognizing the extreme rapidity of the 
catalase reaction, emphasized that the reaction velocity between this enzyme and its 
substrate (H,0,) must be measured within seconds. The conditions necessary for attain- 
ment of a high degree of precision and reproducibility are described. The results were 
confirmed by a second method (sodium perborate as substrate) which does not require 


rapid measurement of reaction velocities. 


Ten to 15 per cent of American Negro men have full expression of a genetically deter- 
mined susceptibility to hemolysis by primaquine and other drugs; the catalase content 
of their erythrocytes was only 60 per cent of normal. Some, but not all, partially ex- 
presscd women had decreased erythrocyte catalase activity. One atypical primaquine- 
sensitive Negro man had normal catalase activity, intermediate glucose-6-phosphat« 
dehydrogenase activity, and intermediate susceptibility to hemolysis. The genetic signifi- 


cance of these findings and their relationship to the mechanism of drug-induced anemia 
is discussed. 


oe of certain individuals hemolyze in vivo following the ad- 
ministration of primaquine and therapeutie doses of many other compounds.” * 
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Among those susceptible to hemolysis are 10 to 15 per cent of American Negroes 
and many other darkly pigmented people,‘ with a high ineidence in tropical and 
semitropical countries; such susceptibility is rare in Northern Europeans. The 
predisposition to hemolysis is familial and is genetically transmitted as a sex- 
linked gene of intermediate dominance (variable expressivity) .° | 

Because the initial clinical experiments which led to identification of this 
hemolytic syndrome were made by Hockwald and associates® during therapeutic 
experiments with the antimalarial drug, primaquine, this entity has been re- 
ferred to as ‘‘primaquine-sensitive hemolytic anemia.’’ The erythrocytes of 
individuals susceptible to hemolysis have been called ‘‘ primaquine-sensitive’’ as 
well as ‘‘G-6-PD* deficient.’’ The term ‘‘G-6-PD deficiency’’ is derived from 
the most characteristic abnormality of the erythrocytes in primaquine-sensitivet 
individuals.’ 

The drug-sensitive erythrocytes are characterized by several metabolic ab- 
normalities, most of which center about the deficiency of G-6-PD in the oxida- 
tive pathway of carbohydrate metabolism. This subject has recently been 
reviewed by Carson.* Although knowledge of the mechanism of hemolysis is 
incomplete, the alterations in GSH metabolism and the decreased rate of re- 
generation of TPNH, both of which are related to the G-6-PD deficiency, have 
been considered to be intimately related to the vulnerability of the erythrocytes 
to hemolytie agents. All of these abnormalities are directly related to, or de- 
pendent upon, carbohydrate metabolism. We wish to report that the erythro- 
cytes are also deficient in an enzyme which appears to be only distantly related, 
or entirely unrelated, to carbohydrate metabolism. 


Materials and methods 


All individuals participating in this investigation were Negro volunteers, either male 
inmates of the Illinois State Penitentiary, Stateville Branch, Joliet, or female inmates of 
the State Reformatory for Women, Dwight, Illinois. Primaquine-sensitivity or nonsensitivity 
had been ascertained in all cases by the daily administration of primaquine, 30 mg. base, for 
14 days. None of the subjects had received hemolytic drugs for at least 4 months prior 
to the present studies. 


Substrate A, hydrogen peroxide. An approximately 0.6 M solution was prepared by 
diluting 3.0 ml. Superoxolf up to 50.0 ml. with water. This substrate was prepared daily 
and the concentration determined by titration against KMnQ,. 


Substrate B, sodiwm perborate. An “approximately 0.1 M solution was prepared daily 
by dissolving 7.5 Gm. NaBO,-4H,O* in 500 ml. aqueous solution. The pH was adjusted to 
7.0 with concentrated hydrochloric acid (approximately 4 to 5 ml.). 


Buffer. Phosphate buffer, .01 M, pH 7.0, was prepared by adding 61 ml. 0.1 M Na,HPO, 
to 39.0 ml. 0.1 M KH.PO, and bringing the total volume to 1,000 ml. with distilled water. 


*Abbreviations: G-6-PD, glucose-6-phosphate dehydrogenase; TPN+ and TPNH, oxidized 
and reduced triphosphopyridine nucleotide, respectively; and GSSG and GSH, oxidized 
and reduced glutathione, respectively. 

¢In this paper “primaquine-sensitive” refers to both men (hemizygous) and women (homo- 
zygous) who have full expression of the trait and who undergo an acute, severe in vivo 
hemolysis when a standard test course of primaquine, 30 mg. base, is given daily for 
14 days. “Intermediate” refers to heterozygous women who undergo a less severe and 
more variable hemolysis than do individuals with full expression when a _ standard 
course of primaquine is administered. 

tHydrogen peroxide solution 30 per cent, Merck Sharp & Dohme, Inc., Rahway, N. J. 











Tals Nay ’ 4 . ‘ J. Lab. & Clin. Med. 
206 Tarlov and Kellermeye pbc = ° 


The final pH was adjusted by adding one or the other stock phosphate solutions using a 
Beckman Model ‘‘G’’ pH meter. 

Potassium permanganate. Standard solutions (approximately 0.1 N) were prepared 
from KMn0, ecrystals* as described by Kolthoff and Sandell.9 

Preparation of hemolysate. Maximal enzyme activity was obtained by employing the 
preparative procedures outlined below. Venous blood, mixed with an anticoagulant,t was 
centrifuged at 3,000 g for 10 minutes at 4° C., and the plasma and buffy coat were discarded. 
The erythrocytes were washed 3 times with cold 0.145 M sodium chloride. After the final 
washing the packed erythrocytes were transferred to an Erlenmeyer flask and lysed by 
rapidly freezing (in an acetone-solid CO, bath) and thawing 3 times. After addition of 5 
volumes of water the mixture was centrifuged at 20,000 g at 4° C. in order to pack the 
stromata. The upper half of the supernatant hemolysate was carefully siphoned off and 
saved for assay. This preparation was microscopically free of stromata. Hemoglobin deter- 
minations were performed in duplicate (alkaline oxyhemoglobin read at 545 my in a Coleman 
Junior spectrophotometer) and the hemolysate was diluted with water to a calculated level 
of 2.0 or 0.015 Gm. per cent, depending upon the method of assay to be used. 

The above procedure was adopted after initial experiments revealed that catalase ac- 
tivity was 5 per cent greater when the hemolysate was prepared from washed, compared to 
unwashed, erythrocytes, and 2 to 5 per cent greater when lysis was produced by freezing 
and thawing compared to water (hypotonic) lysis. No loss of activity occurred if the 
hemolysate, with or without stromata, was assayed within a few hours of lysis. A 5 to 20 
per cent loss of activity occurred if the hemolysate with stromata was heated to 37° to 
43° C., compared to stromata-free hemolysates treated similarly. A 2 to 20 per cent loss 
of activity resulted from dialyzing stromata-free hemolysate 12 hours against 0.01 M_ phos- 
phate buffer, pH 7.0. The effect of these procedures was approximately the same on sensitive 
and nonsensitive hemolysates. 

Cataldse assay A, hydrogen peroxide method. The titrimetric method introduced by 
Senter!° in 1903, as employed by Von Euler1! in 1934, was used with the following modifica- 
tions. Three equal aliquots of hemolysate were incubated with the substrate (H,O,) in 
separate flasks under identical conditions; the reactions were stopped instantaneously at 5, 
10, and 15 seconds, respectively, by the addition of acid through a syringe pipette. The 
disappearance of H,O, was estimated oxidimetrieally by titration against KMnO,. Von Euler 
incubated substrate with enzyme in a single flask, removing aliquots for analysis at various 
times, a procedure which precludes accurate timing of short reaction intervals. 

The assay was performed in a cold room at 4° C. Fifty milliliters of 0.01 M phosphate 
buffer, pH 7.0, and 2.0 ml. of approximately 0.6 M H,O, were mixed in a 125 ml. Erlenmeyer 
flask (0.02 M final concentration H,O,). To ensure maximum accuracy, timing was controlled 
by a stopwatch operated by a second technician. At a signal, 0.5 ml. of the hemolysate 
preparation (2.0 Gm. per cent Hb.) was quickly (< 0.5 second) added from a_ blowout 
pipette during vigorous swirling of the mixture. The reaction was stopped at 5, 10, or 15 
seconds (t’) by the rapid addition (< 0.2 second) of at least 1 ml. of 8 N H.SO, from a 
syringe pipette. The remaining hydrogen peroxide was then titrated against 0.1 N KMn0Q,. 
The H,O, present initially (zero time, t°) was measured in a mixture identical except that 
water was substituted for hemolysate or that hemolysate was added after H.SO, acidification. 
Catalase aciivity, Cy.o,, Was expressed as mEq. H.O, decomposed by 0.5 ml. of 2.0 Gm. per 
cent hemolysate solution, and was computed as follows: 


Cu,o, — N(X® —- X’) 
where 
N = normality of KMn0O,, 
X° = ml. KMn0O, needed to titrate 
H,O, initially present (t°), 
*Fisher Certified, Fisher Scientific Company, New York, N. Y. 


tIdentical enzyme activity was obtained using either heparin or ACD as an anticoagulant 
or by defibrinating whole blood with glass beads. 
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and 
X’ = mil. KMn0O, needed to titrate 
H,O, remaining after reaction (t’). 


Hemoglobin was chosen as a standard of reference for enzyme activity, in preference to 
unit number of cells or unit volume of cells, for the reasons given by Carson.8 

CALCULATION OF MOLECULAR CONCENTRATION OF CATALASE IN ERYTHROCYTES. The con- 
centration of catalase in a solution can be calculated by employing an equation given by 
Maehly and Chance: 12 


In (X°/X) 


= <> 

K’, t 
where E = concentration of enzyme in moles per liter, In = natural logarithm, X° = sub- 
strate originally present,* X = substrate remaining after incubation with enzyme,* t = time 
in seconds, and K’, = 2.8 x 107 (O° C.).t 


The enzyme concentration (E) derived from this equation is in moles per liter of assay solu- 
tion. The system of 52.5 ml. contained 0.5 ml. of a 2.0 Gm. per cent hemolysate as the 
enzyme source; the concentration of catalase per gram of hemoglobin or per erythrocyte can 
be easily computed. 


Catalase assay B, sodiwm perborate method. The perborate method of Feinstein14 was 
used as a second method of catalase assay. Five milliliters of approximately 0.1 M 
NaBO, - 4H,O (Fisher Reagent), made fresh daily¢ and adjusted to pH 7.0, and 4.0 ml. of 
0.1 M phosphate buffer, pH 7.0, were mixed in a 50 ml. Erlenmeyer flask and placed in a 
water bath at 37° C. Five minutes were allowed for temperature equilibration, then 1.0 ml. 
of the hemolysate-enzyme preparation (0.015 Gm. per cent Hb.) was quickly (< 0.5 second) 
added from a blowout pipette. At the end of the incubation period, t’ (1, 2, or 5 minutes), 
the reaction was stopped by rapid (< 0.2 second) addition of 2 ml. of approximately 8 
N H.SO,, delivered from a syringe pipette. The remaining perborate was then measured by 
titration against 0.1 N KMnO, The quantity of NaBO,-4H,O initially present (zero time, 
t®) was measured identically except that water was substituted for hemolysate or hemolysate 
was added after H,SO, acidification. Catalase activity (Cyazo,:4H,O) was expressed as mEq. 
NaBO, decomposed as follows: 


Cyaso,*4H,O = N(X®° - X’) 
where 
N = normality of KMn0O,, 
X° = mi. KMn0O, needed to titrate 
NaBO, initially present (t°), 
and 
X’ = ml. KMn0O, needed to titrate 
NaBO, remaining after reaction (t’). 


The figures given in Table IV represent the results of 1 minute reactions. 


Glucose-6-phosphate dehydrogenase activity. G-6-PD was assayed spectrophotometrically 
by a modification of the method of Kornberg and Horecker.15 The assay mixture of 3.05 ml. 
contained hemolysate (1 mg. hemoglobin, stroma not removed) as the enzyme source, 2 4M 
glucose-6-phosphate,§ 0.4 4M TPN,§ 30 uM MgCl, and 200 uM Tris buffer,§ pH 8.0. The 
rate of TPN* reduction to TPNH at 24 + 2° C. was determined by recording the increased 


*The milliliter of KMnO, used in the titration of H2O2 can be substituted directly for X® 
and X, respectively. 

*+Maehly and Chance,” using Herbert and Pinsent’s® data, have determined that K’'1 
for crystalline human erythrocyte catalase is 3.4 x_107 (20° C.); since our assays were 
performed near 0° C., and Qw = 1.1 for catalase, K’1 in our system becomes 2.8 X 10° 
oe <3. 

tSodium perborate, 0.1 M, used fresh or stored for 1 week at 4° C., gave identical results. 

§Sigma Chemical Company, St. Louis, Mo. 
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absorption at 340 my in a Beckman DU spectrophotometer (Silica cuvettes, 1.0 em. light path) 
in 60 minutes with a photomultiplier attachment. The values given in Table IV _ represent 
the change in optical density under these conditions. 

Glutathione stability test. The method devised by Beutler,16 with strict adherence to the 
precautions outlined by Flanagan and associates,17 was employed. The results are expressed 
as milligrams GSH per 100 ml. R.B.C. remaining after incubation for 2 hours with acetyl- 
phenylhydrazine. 


Table I. Catalase assays of hemolysates by the hydrogen peroxide 
titrimetrie method 





Amount 0.0997N KMn0O, required to titrate substrate (H,0,) remaining (ml.) 





After reaction with hemolysate 





Case No. Initially 5 seconds 10 seconds | 15 seconds 











Normal men 
































23.56 14.70 10.59 








2 23.56 15.13 10.93 6.99 
3 23.25 15.20 10.95 6.79 
4 23.25 14.31 10.51 6.01 
5 23.19 14.10 10.33 6.49 
6 23.61 14.28 10.49 6.83 
7 23.36 14.35 10.41 6.14 
8 23.61 15.04 10.00 6.41 
9 23.41 14.43 10.32 6.28 
Mean 23.34 14.62 10.50 6.46 
S. D. +38 + .39 + 2! + .32 
Primaquine-sensitive men 
] 23.19 16.76 13.00 8.76 
2 23.20 16.31 12.82 8.40 
3 23.20 16.52 13.55 9.21 
4 23.40 17.62 14.01 9.71 
5 23.40 16.66 12.96 8.88 
6 23.55 16.27 12.40 8.40 
7 23.55 17.10 13.00 9.93 
8 23.35 16.89 13.50 10.21 
9 23.45 16.64 13.72 10.24 
Mean 23.37 16.75 13.22 9.32 
S. D. + .14 + 27 + .48 + .67 





Table II. Catalase concentration measured at different reaction times 





Enzyme concentration (moles per liter of reaction mixture) 











Reaction time (seconds) Normal men | Primaquine-sensitive men 
5 3.3 x 10-9 2.3 x 10-9 
10 2.9 x 10-9 2.0 x 10-9 
15 3.1 x 10-9 2.2 x 10-9 
30 2.8 x 10-9 1.9 x 10-9 
60 2.1 x 10-9 1.6 x 10-9 





These calculations were made using the formula given in Materials and Methods, seetion 
entitled “Calculation of molecular concentration of catalase in erythrocytes.” 
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Chromiums! erythrocyte survival rate. Fifty milliliters of whole blood (coagulation 
prevented with heparin or acid-citrate-dextrose) was incubated aseptically with 120 we Crs! 
(Rachromate*) at room temperature for 1 hour. The labeled blood was then administered 
intravenously to the donor. Approximately 12 to 24 hours after the infusion, and subse- 
quently, at 48 hour intervals, duplicate 3 ml. samples of whole blood were obtained for deter- 
mination of the residual Cr51 radioactivity. The samples were lysed by freezing and thawing 
and were stored at 5° C. The counts per minute were determined at weekly intervals in a 
Nancy Wood scintillation detector and were corrected for isotope decay (but not for elution) 
by comparison with a standard Cr51 solution. 


Critique of methods 


Senter,!° in 1903, and Von Euler,!! in 1934, allowed the incubation of enzyme with 
substrate to proceed for 5 minutes or longer. In 1947, Bonnichsen, Chance, and Theorell'8 
appreciating the extraordinary speed of the catalase reaction, called attention to the neces- 
sity of measuring the reaction rates after only seconds of incubation in order to avoid sub- 
strate depletion. They also pointed out that considerable inactivation of enzyme by substrate 
occurs during incubation and that a relatively high concentration ratio of enzyme to substrate 
minimizes the relative importance of this inactivation. These points were also stressed in 
a definitive review by Maehly and Chance, in 1954.12 

More than 50 per cent of the H,O, was decomposed by catalase in the hemolysate 
preparation within the first 15 seconds of the reaction. In fact, accurate enzyme assay was 
precluded, under the conditions of this assay, when incubation periods greater than 30 seconds 
were used. However, it was possible to measure reaction rates with macrotechniques at 
5 second intervals by using separate flasks for each incubation and stopping the reaction by 
the rapid addition of sulfuric acid through a syringe pipette. 

The perborate method of Feinstein,'* which correlates well with the H,O, method, was 
chosen as a second method of catalase assay. Ephraim! has postulated that the formula for 
perborate may be written NaBO,-3H,O-H,.0O.; probably a small amount of H,O, is con- 
tinually generated from the perborate as the catalase reaction proceeds. The inactivation of 
catalase by NaBO,-4H,0 is relatively minor,!4 probably because the concentration of H,0O, 
in the assay mixture never reaches critical levels. The assay need not be performed at cold 
temperatures and longer reaction times may be used than with the hydrogen peroxide method. 

The reproducibility in duplicate samples by either the hydrogen peroxide or sodium 
perborate methods is + 1 per cent. The daily variation was practically nil; catalase assays 
were performed twice weekly on 4 men for 3 months, and the highest and lowest values fell 
within + 3 per cent of the mean for the entire period for each man. Reproducibility of this 
order was obtained in approximately 12,000 assays during 1958.t 


Results 


Catalase activity and content in hemolysates from adult Negro men:  hy- 
drogen peroxide method. ; 


A, Activity. The activity of catalase in hemolysates of primaquine-sensitive 


*Rachromate, Abbott Laboratories, North Chicago, IIl. 


+In the latter part of February, 1959, fresh hemolysate preparations suddenly and without - 
apparent cause gave only half the catalase activity that had been observed in the previ- 
ous 6 months. Enzyme concentration studies and kinetic curves became uninterpretable. 
The catalase in hemolysates, which had previously remained stable when stored over- 
night at 4° C., now lost half its activity in a few hours. Sensitivity was so grossly 
impaired and results so erratic that differences of activity of the order of 20 to 40 per 
cent formeraly obtained fell within the analytical error of the method. During the next 
several months the catalase activity of our hemolysate preparations slowly increased 
but has not returned to previous levels, accuracy, or reproducibility. During the period 
when the assay was least sensitive and the results most erratic the differences in 
activity between normal and primaquine-sensitive hemolysates was usually demonstra- 
ble, but to a variable degree. Many inhibitors of catalase are known,” i.e., anions, 
cyanide, sodium hydrosulfide, azide, hydroxylamine, ascorbic acid, sulfhydryl compounds, 
BAL (dimercaprol), and others. Some of these compounds are used regularly in our 
laboratory (cyanide and GSH daily, azide, ascorbic acid, and BAL intermittently), and 
possibly trace amounts of an inhibitor may be interfering with the assay. 
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Fig. 1. A, A ‘‘time’’ study of the decomposition of hydrogen peroxide by hemolysate catalase. 
Approximately half of the initial concentration (2.3 mEq.) of H,O, was consumed by normal 


> 


hemolysates within 10 seconds. B, Catalase activity of hemolysates from 9 normal and 11 
primaquine-sensitive Negro men. 


men (hemizygous) was less than that in nonsensitive men, as measured in kinetic 
studies (Fig. 1, A). The substrate consumed by hemolysates from each of 11 
primaquine-sensitive men was 80 per cent of that consumed by each of 9 non- 
sensitive men (Fig. 1, B) measured at the 10 second reaction point under the 
conditions of assay described. This difference prevailed over a broad range of 
pH (5.8 to 8.4) and hemolysate concentration (0.5 to 8.0 Gm. per cent Hb.). 

B. CONTENT. The catalase content in men has been caleulated (Tables IT 
and III) for normal and primaquine-sensitive erythrocytes using the raw assay 
data in Table I (for mathematical treatment, see Materials and Methods). Our 
finding, that catalase comprises 0.34 per cent of the dry weight of normal, fresh 
human erythrocytes, is in approximate agreement with the figure of 0.26 per 
cent reported by Herbert and Pinsent.'* Their method of assay was not given. 
Mean catalase content of primaquine-sensitive erythrocytes is approximately 
70 per cent of normal. 

Catalase activity in hemolysates from adult Negro men: sodium perborate 
method. Decreased catalase activity in primaquine-sensitive hemolysates was 
also demonstrated, using NaBO,:4H.O as a souree of substrate (Fig. 2, A). 
The average substrate consumed by hemolysates from each of 17 men (Fig. 2, B) 
was 60 per cent of that by each of 34 nonsensitive men as measured at the 
1 minute reaction point. This difference in activity was apparent over a wide 
range of pH (5.8 to 8.4) and hemolysate concentration (0.005 to 0.1 Gm. per 
cent Hb.). However, one primaquine-sensitive male patient (H. 8.) had normal 
erythrocyte catalase activity. He will be discussed below in the section ‘‘Par- 
tially expressed primaquine-sensitivity in a Negro man.”’ 
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Table III. Catalase content of erythrocytes 








Catalase Normal men Primaquine-sensitive men 
Moles per R.B.C.* 4.8 x 10-19 3.4 x 10-19 
Grams per R.B.C.* 10.6 x 10-14 7.5 x 10-14 
% Dry weight R.B.C.* 0.34% 0.24% 
% Of nonhemoglobin protein* 13.6% 9.6% 





*In a single normal human erythrocyte®” the hemoglobin content has been estimated to be 
29 pwug?; the dry weight, 30.885 x 10-" Gm.**; and the nonhemoglobin protein, 7.8 X 
10-% Gm.2 The molecular weight of normal human erythrocyte catalase is 220,000. We 
have assumed these figures to be the same in primaquine-sensitive as in normal erythro- 
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Fig. 2. A, A ‘‘time’’ study of the decomposition of sodium perborate by hemolysate catalase. 
Approximately half of the initial concentration (0.95 mEq.) of NaBO,-4H,O was consumed 
by normal hemolysate in one minute. B, Hemolysate catalase activity from 34 normal, 1 
intermediate (atypical), and 17 primaquine-sensitive Negro men. 


Catalase activity in hemolysates from adult Negro women. Eighty-three 
women were screened for primaquine-sensitivity. Of these, only one fully ex- 
pressed (homozygous) primaquine-sensitive woman was found. No sharp di- 
vision could be made between normal and intermediate (heterozygous) women. 
In some instances it was not possible to determine whether a woman was normal 
or intermediate either by any of the known laboratory tests or on the basis of 
clinical hemolysis with primaquine. It was possible, however, to determine 
with certainty that 8 women were intermediate* (Table IV). All of the inter- 
mediate women had hemolysate G-6-PD activity at least 2 standard deviations 
below the mean of normal men and at least 3 standard deviations above the 
mean of primaquine-sensitive men; some of them, however, had normal GSH 
stability tests. The 8 women had a more moderate hemolysis than primaquine- 


*Probably a low estimate of the occurrence of heterozygosity because of the uncertainty of 
diagnosing mild intermediates. 
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sensitive men when 30 mg. primaquine was administered daily, but the severity 
of hemolysis varied widely and the correlation of severity with G-6-PD activity 
was poor. 

Three of the 83 women had decreased catalase activity; 2 of these were 
heterozygous (intermediate) and one was homozygous (Table IV). The hetero- 
zygotes having low catalase activity (Patients M. B. and A. L.) demonstrated a 
slightly greater degree of hemolysis than all but one of the intermediate women, 
although most of the others had a more severe deficiency of G-6-PD. 

The third woman (Patient R. P.) who had decreased catalase activity, a 
markedly deficient G-6-PD activity, and a markedly positive GSH stability test 
was classified as homozygous. Her G-6-PD deficiency was more severe than 
that of the hemizygous men and she underwent primaquine-induced hemolysis 
which was at least as severe, and possibly more severe, as the hemolysis in 
sensitive men. 


Partially expressed primaquine-sensitivity in a Negro man. One ease (Pa- 
tient H. 8S.) was of unusual interest. Of 18 affected men studied only he had 
normal catalase activity. In addition, the other abnormalities in his erythro- 
cytes were less severe than in 75 additional primaquine-sensitive men who have 
been studied in this laboratory, but the G-6-PD deficiency of his erythrocytes 
was more severe than found in intermediate (heterozygous) women (Table IV). 
The degree of hemolysis experienced by this Negro man was less marked than 
by other sensitive men (Table IV); his hemolysis was of the same degree as the 
most marked hemolysis seen in intermediate women. The father of this volun- 
teer is nonsensitive but his mother is primaquine-sensitive (presumably homo- 
zygous). Therefore, Patient H. S. is hemizygous, although his expression is 
atypical. Studies of other members of this family are in progress. 


Discussion 


Beutler and colleagues”! reported that the activity of catalase in hemolysates 
from primaquine-sensitive Negroes was normal; Szeinberg and associates”? ob- 
tained similar results in affected Caucasians. The disagreement between their 
results and ours, which show a 40 per cent decrease in catalase content, can 
probably be explained by differences in technique, especially our use of short 
incubation periods and other precautions which Bonnichsen, Chanee, and 
Theorell'® determined were necessary for valid assay. 

In screening 200 American Negroes, decreased catalase activity was present 
only in association with primaquine-sensitivity, either completely or partially 
expressed. On the other hand, some intermediate women have normal catalase. 
activity. 

According to the one gene—one enzyme hypothesis, a mutation exerts a pri- 
mary effect on the polypeptide structure of only one protein (enzyme). Of 
several possible explanations for the dual enzyme deficiency in primaquine- 
sensitive erythrocytes the most likely is that of pleiotropia, i.e., the activity, 
or synthesis, of both catalase and G-6-PD may be affected in common by a single 
mutant genetic determinant. 
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The relationship of acatalasemia, characterized by the complete absence of 
erythrocyte catalase activity in the fully expressed state,?* to primaquine-sensi- 
tivity, characterized by decreased, but not absent, catalase activity, is specula- 
tive. Both disorders are transmitted by partially dominant genes, but their 
loci are different; that of acatalasemia being on an autosomal chromosome, that 
of primaquine-sensitivity on a sex (X) chromosome. The molecular diseases, 
therefore, may illustrate the participation of more than one gene in the pro- 
duction of a single enzyme. The possibility that the decreased catalase activity 
is merely a secondary manifestation of the primary enzymatie defect, that of 
G-6-PD, cannot be excluded. 

The genotype of the atypical man, Patient H. S., is obseure. The normal 
catalase activity in his erythrocytes may modify the phenotype. This hypothesis 
is supported by our observations that, with a single exception, intermediate 
women having normal catalase activity generally experienced a less severe 
hemolysis than did those having decreased catalase activity. 

Our studies also suggest that the presence of 2 mutant alleles in homozygous 
women, as illustrated by Patient R. P., results in a more severe deficiency of 
G-6-PD and a greater susceptibility to drug-induced hemolysis than does the 
single mutant allele in hemizygous men. More eases are needed to test this 
hypothesis. 

The production of H.O, in biological systems is brought about by the 
transfer of. hydrogen to oxygen by several oxidative enzyme systems, i.e., the 
oxidation of glucose by glucose oxidase, and by the auto-oxidation of flavopro- 
teins, sulfhydryl compounds (GSH), or aseorbie acid.2* Hydrogen peroxide 
may also be formed enzymatically in erythrocytes by the reaction between 
oxygen and TPNH. 

The concentration of catalase in human erythrocytes (13 per cent of the 
nonhemoglobin protein) is higher than in any other tissue, suggesting that 
catalase has an important function in red cell metabolism. Until recently it 
had been believed that the sole function of catalase was to decompose hydrogen 
peroxide to moleeular oxygen and water. However, catalase may be involved 
in carbohydrate metabolism by acting as a peroxidase in several oxidation-reduc- 
tion reactions. Keilen and Hartree*® reported that hydrogen peroxide, in the 
presence of catalase, can effect the oxidation of aleohols with the formation of 
formaldehyde and water. Also, Franecouer and Denstedt?*? demonstrated that 
ribose-5-phosphate of erythrocytes can be oxidized by a similar mechanism. 

Jandl** has recently presented evidence which indicates that the initial step 
toward death of red cells is the oxidation of hemoglobin to methemoglobin. 
Catalase can protect hemoglobin from oxidation to methemoglobin, as shown by 
Foulkes and Lemberg?® and Takahara.*® Excessive hydrogen peroxide, allowed 
to accumulate because of decreased catalase activity, could contribute to the 
oxidation of hemoglobin and other cellular components. Brewer*! has recently 
reported that primaquine-sensitive erythrocytes accumulate more methemo- 
globin in vivo in response to sodium nitrite administration than do normal eells. 
The combination of excessive methemoglobin formation due to the deficiency of 
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catalase, with the diminished rate of methemoglobin reduction due to the 
diminished rate of TPNH regeneration, may enhance the vulnerability of 
G-6-PD deficient cells to destruction. The prime importance of deficient ac- 
tivity of G-6-PD in primaquine-sensitive erythrocytes is emphasized by the 
pivotal role that hemoglobin-methemoglobin metabolism appears to have in drug- 
induced hemolysis. Further studies are needed to define the significance of 
catalase deficiency in the complex of abnormalities in primaquine-sensitive 
erythrocytes. 
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The hemolytic effect of primaquine. XII. Shortened 
erythrocyte life span in primaquine-sensitive male 
Negroes in the absence of drug administration 


GEORGE J. BREWER, M.D.,* ALVIN R. TARLOV, M.D.,** and 
ROBERT W. KELLERMEYER, M.D.*** Chicago, Ill. 


Older erythrocytes of primaquine-sensitive Negro men are susceptible to in vivo hemolysis 
by many drugs. The enzyme glucose-6-phosphate dehydrogenase is deficient in these 
cells; they also differ from normal cells in many other respects. Earlier investigators 
believed that the abnormalities in these erythrocytes were harmless unless drugs were 
administered. The present study, utilizing DF P32 and Crs! labeling techniques, demon- 
strates that these cells die prematurely in vivo even when not stressed by the presence 
of drugs. The finding of a shortened survival of primaquinc-sensitive erythrocytes in- 
creases the similarity between this condition and certain cases of congenital nonsphero- 
cytic hemolytic anemia. These studies indicate that glucose-6-phosphate dehydrogenase, 
or the pentose phosphate pathway of which it is a part, plays an important role in 
maintaining the red cell through a normal life span. 


ai, sensitivity (also called erythrocyte glucose-6-phosphate de- 
hydrogenase deficiency) is an inherited abnormality of metabolism which occurs 
in a varying percentage of the members of all races. These individuals experi- 
ence intravascular hemolysis when they are administered certain drugs, inelud- 
ing primaquine.'* Family studies show that inheritance of the primaquine- 
sensitive trait is by a sex-linked gené of intermediate dominance.* ° 

Erythrocytes of sensitive individuals have several biochemical abnormalities. 
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These abnormalities are uniformly present in the red cells of almost all affeeted 
Negro men (presumably hemizygous); however, in heterozygous Negro women 
there is considerable variation between individuals, and, in some, the abnormali- 
ties are undetectable.” A decrease in hemolysate glucose-6-phosphate dehydro- 
genase (G-6-PD) activity is the most characteristic abnormality discovered to 
date,® but it also is within normal limits in some heterozygous Negro women.” ‘ 
This paper is a report of observations on the natural life span of erythrocytes 
of normal and hemizygous primaquine-sensitive Negro men who previously have 
been shown to manifest major expression of the genetic defect. 

In early studies the biochemical abnormalities appeared to be harmless 
unless a drug was administered.* Analysis of reticulocyte counts, hematocrit 
levels, and chromium®! (Cr°!) survival curves revealed no evidence of increased 
hemolysis, or shortening of the red cell life span, in sensitive Negro men.” * * 1° 
In reviewing Cr*! survival studies collected in this laboratory as part of later 
programs, the data suggested that primaquine-sensitive red cells had a shorter 
than normal survival. Therefore, studies were initiated utilizing both the Cr*! 
and diisopropylfluorophosphate** (DFP**)* technique of labeling red cells to 
establish more accurately the life span of primaquine-sensitive erythrocytes. 


Materials and methods 


Volunteer subjects. Healthy primaquine-sensitive or nonsensitive Negro volunteers at 
the Illinois State Penitentiary participated in this investigation. All sensitive individuals 
had major expression of the trait and were, therefore, hemizygous. At least 11 months had 
elapsed since the volunteers had received hemolytic drugs. Withdrawal of blood was limited 
to the approximately 15 ml. per week which was required for radioisotope counting. Normal 
control subjects were studied concurrently. 

DF P32 labeling technique. DFP32, with a specific activity of 119 we per milligram of 
DFP, was obtained as a dilute solution of approximately 1 mg. of DFP32 per milliliter of 
sterile anhydrous propylene glycol. Our technique of intravenous administration for in vivo 
labeling was the same as that of Athens and associates!!1; the amount administered was 
approximately 200 we DFP*2 per volunteer. 

DF P32 counting technique. The day (day zero) after the administration of DF P32, and 
every subsequent fourth day, 8 ml. of blood was taken from the antecubital vein of each 
subject. Heparin was used as an anticoagulant. Six milliliters of the blood was pipetted 
into test tubes which were accurately calibrated with a scratch mark at the 5 ml. level. The 
blood was centrifuged at 4° C. in this test tube at 1,000 g in an International PR-2 centrifuge 
for 15 minutes, and the plasma was removed without disturbance of the buffy coat. Ten 
milliliters of 0.85 per cent sodium chloride solution was added and the cells were resuspended 
and centrifuged again in the cold at 575-g for 15 minutes; the supernatant was then 
removed without disturbing the buffy coat. This procedure was repeated twice, making a total 
of 3 washings. It is advisable to wash the cells before counting, in order to eliminate any 
labeled plasma proteins as well as to decrease their internal absorption (p32 is a B-emitting 
isotope). After the third removal of the supernatant, distilled water was added to exactly 
the 5 ml. calibration mark, and the cells were resuspended and placed in a freezer at —20° C. 
overnight. The next day the sample was warmed to room temperature and then mixed by 
repeated inversion. Two milliliter aliquots of the sample were accurately pipetted into each of 
duplicate counting planchetst (copper sample pans 144 inches in diameter by 39 inch deep, 
with raised concentric annules on the floor to prevent welling of the sample during the drying 
procedure). The samples in these duplicate planchets were dried slowly (to prevent spat- 


*Manning Research Laboratories, Waltham, Mass. 
*Nuclear-Chicago Corporation, Chicago, Ill. 
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Table I. Statistical analysis of the erythrocyte survival time as measured by 
the Cr*! technique (no drugs administered ) 














Half life 
Subjects (days) Range Mean 
Normal 
Pow. 29.5 
Ban. 29.0 | ey oa ont 
Del. 05.5 f 31.0 — 25.5 28.7 
Wil. 31.0 
Primaquine-sensitive 
Dew. 7 
Jac. 24.5 24.5 — 18.0 20.2 
Ree. 18.0 | 
t = 3.8; p is between 0.02 and 0.01. 


tering) for a period of 2 hours at a distance of 22 inches under a 250 watt infrared lamp. 
The planchets were then placed in an oven at 98° C. and dried for an additional 2 hours. 
After cooling, they were counted for 1 minute in an end window gas flow counter having an 
efficiency of approximately 30 per cent of the total disintegrations (60 per cent of those 
directed upward) and a background of 20 e.p.m.; counts of the duplicate samples were 
averaged. Correction for radioisotope decay was made by preparing a standard planchet of 
inorganic orthophosphate p32 (with approximately the same per minute count on day zero) 
and counting it every day on which counts were made thereafter. After correcting the counts 
for background, the percentage of cells surviving on any given day (day X) was then caleu- 
lated according to the following formula: 


per cent of cells surviving = 


c.p.m. of standard on day zero e.p.m. of sample on day X 





x 100. 


x 


e.p.m. of standard on day X ¢.p.m. of sample on day zero 


Cr51 labeling and counting technique. Our method of labeling with and counting Cr51 
has been previously described.12 


Results 


Cr*! red cell survival. The 50 per cent survival times (erythrocyte half 
lives), as determined by the Cr*! method of 4 normal and 3 primaquine-sensitive 
individuals, are compared in Table I. The mean of the erythrocyte half lives 
in primaquine-sensitive individuals is significantly shorter (at the 2 per cent 
level of confidence) than the normal mean. These 7 eases were studied simul- 
taneously. Although there is no overlap of the 2 groups, a larger number of 
cases studied over a period of several years has shown considerable overlap; the - 
means, however, remain significantly different. 

DFP* red cell survival. Analysis of the erythrocyte half lives of 5 normal 
and 4 primaquine-sensitive Negro men,* as determined by the DF P* technique, 
demonstrated a highly significant shortening (at the 1 per cent level of confi- 
dence) of the life span of primaquine-sensitive erythrocytes (Table II). The 
erythrocyte half lives of the normal individuals range from 77 to 59 days, with 


*These are not the same individuals discussed in the Cr™. section, 








220 Brewer, Tarlov, and Kellermeyer 5. Sale: ee ee 


Table II. Statistical analysis of the erythrocyte survival time as measured by 
the DF P* technique (no drugs administered ) 





Subjects Half life Range Mean 
(days) 





Normal 





Com. 65.5 

Dav. 70 | 

Wig. 64.0 77 — 59 66.1 
Sim. 59.0 

Wil. 65.0 

Primaquine-sensitive 

Jac. ed 

Wea. 57.5 ] 58 — 38 48.0 
Rad. 38.0 

Hun. oa] 

t = 3.6; p is between 0.01 and 0.001. 


a mean of 66 days; the half lives of the primaquine-sensitive erythrocytes range 
from 38 to 58 days, with a mean of 48.2 days. Fig. 1 shows the average and 
range of the 2 groups of DF P* curves. 


Discussion 


Critique of methods. Cr* possesses an inherent disadvantage as an erythro- 
cyte label; .it elutes from the cells at a rate of about 1 per cent per day,’ thus 
shortening the apparent erythrocyte half life of normal individuals from an 
expected 60 to approximately 30 days. In addition, a graph of the Cr*' content 
of the red cells as a function of time in normal individuals is bowed rather than 
linear, and frequently shows a large early decrease, thus making difficult any 
comparison of one curve with another. This rapid early loss of Cr*! from ap- 
parently intact cells is variable..* Therefore, although Cr* is a very useful 
label for studies involving marked changes of erythrocyte survival, elution and 
variability in the shape of the curve make difficult the detection and interpre- 
tation of small abnormalities of red cell survival. 

DFP* was first used as a red cell label by Cohen and Warringa,’ who 


DFP** RED CELL SURVIVAL 
average and range 
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Fig. 2. Pathways of carbohydrate metabolism in the mature human erythrocyte. The vertical 
series of reactions at the left represent the Embden-Meyerhoff glycolytic pathway. The re- 
actions enclosed within the dotted line represent the pentose phosphate pathway. Abbrevia- 
tions: GSH, GSSG, reduced and oxidized glutathione, respectively; TPNH, TPN, reduced and 
oxidized triphosphopyridine nucleotide, respectively; DPNH, DPN, reduced and oxidized di- 
phosphopyridine nucleotide, respectively; G6P, glucose-6-phosphate; 6PG, 6-phosphogluconate ; 
6PGD, 6-phosphogluconic dehydrogenase; pentose-5-P, pentose-5-phosphate; 7K, transketolase ; 
TA, transaldolase; FDP, fructose diphosphate; PHI, phosphohexose isomerase; F6P, fructose- 
6-phosphate; DHAP, dihydroxyacetone phosphate; GA3P, glyceraldehyde-3-phosphate; TJ, 
triose isomerase; GAPD, glyceraldehyde phosphate dehydrogenase; Pi, inorganic phosphate ; 
ADP, ADT, adenosine diphosphate and triphosphate, respectively; LD, lactic dehydrogenase. 


showed that a fraction of the DFP*? becomes irreversibly bound to the red 
cells and that this fraction disappears from the blood at a rate corresponding to 
the normal replacement of the red cells. Utilizing this technique, red cell life 
spans of 116 and 129 days were found in 2 normal individuals. Bove and 
Ebaugh’® obtained similar results (123.6 + 11.0 days) in 8 normal subjects. 
DFP** possesses characteristics which make it a good red eell label. It binds to 
certain protein enzymes of the cell, such as esterases, and when the cell is 
destroyed, the label is excreted as diisopropylphosphate* and is not reutilized.? 
The finding of a normal cholinesterase activity in sensitive erythrocytes by 
Tarlov and associates’ lends validity to the use of DFP* in primaquine sensi- 
tivity, since some of the DF P** binds to this enzyme. Hort and co-workers'® 
and others'* '* have found that there is some elution of DF P** from the erythro- 
cyte, but this is dependent upon the dose used and, in any ease, is limited to 
the first few days after administration and does not interfere with long term 
studies of cell survival.'* ** The lack of chronic elution is the principal reason 
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that sufficient radioactivity remains on the red cells to make accurate counts for 
as long as 90 days after the administration of DFP*. 


Significance of results. Energy for the mature human red cell is derived 
from 2 pathways of carbohydrate metabolism (Fig. 2). Under physiologic con- 
ditions, approximately 90 per cent of glucose appears to be utilized by the 
anaerobie glycolytic Embden-Myerhoff pathway, and the other 10 per cent, by 
the oxidative pentose phosphate pathway (PPP).*° Until recently, the PPP has 
been considered insignificant in the mature erythrocyte under physiologic con- 
ditions,” but Murphy?’ has recently estimated that the pathway’s contribution 
to potential energy is significant. The shortened survival of the sensitive red 
cells demonstrates the importance of the PPP in maintaining the integrity of the 
erythrocyte, since most of the biochemical abnormalities in these cells are con- 
cerned with this pathway. 

The PPP is the only source for generation of reduced triphosphopyridine 
nucleotide (TPNH) in the mature erythrocyte; this occurs at 2 steps, but if the 
first, G-6-PD, is lacking, the next, 6-phosphogluconic dehydrogenase, is ineffec- 
tive because it has no substrate (Fig. 2). Thus, the deficiency in G-6-PD leads 
to an inability to reduce triphosphopyridine nucleotide to TPNH in the sensitive 
cell. The known functions of TPNH inelude participation in the reduction of 
methemoglobin, the reduction of glutathione, the degradation of drugs, and 
lipid synthesis (this latter oceurs mostly in reticulocytes and immature nucle- 
ated erythrecytes,”* but also, to a slight extent, in mature erythrocytes**). The 
failure to generate TPNH is probably a major factor in the sensitive cell’s pre- 
mature death and susceptibility to hemolysis by drugs. 

The decreased survival of G-6-PD deficient erythrocytes may represent an 
acceleration of the normal mechanism for red cell destruction. The aging or 
length of the life span of cells may be determined by the maintenance of 
activity of one or more enzymes, as has been postulated by several investi- 
gators.**?° Marks and Gross***5 have shown that the activity of G-6-PD 
declines with age in the erythrocytes of both normal and primaquine-sensitive 
individuals. The activities of glyoxalase,** catalase,?* cholinesterase,”* *° aldo- 
lase,*° phosphohexose isomerase,”**° and 6-phosphogluconie dehydrogenase® 
also have been reported to be lower in old erythrocytes than in young cells of 
normal individuals. 

The shortened erythrocyte life span in primaquine-sensitive individuals in- 
dicates that the mean cell age of the circulating erythrocytes is less in them 
than in normal persons. It is, therefore, necessary to evaluate small biochemical 
or other differences in these cells in the light of this observation.* 

The primaquine-sensitive male Negro has chronic hemolysis which differs 
in degree only from that seen in certain cases of congenital nonspherocytic 
hemolytic anemia (CNSHA) with G-6-PD deficiency of a greater magnitude.*" *? 
The primaquine-sensitive man is not anemic because the mild hemolysis is 
masked by a compensatory hematopoiesis. 

*For example, the finding that the aldolase activity of sensitive erythrocytes is higher than 

that of normal erythrocytes® may be due in part to the relative youth of the sensitive 
cells, if, as has been reported,* the activity of this enzyme decreases as the cells age. 


The relative importance of this factor as compared to the postulated compensatory in- 
crease cannot be assessed at this time, 
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The two conditions represent genetic variants expressed as a deficiency of 
G-6-PD. Kirkman** ** was unable to detect qualitative differences in the eryth- 
rocyte G-6-PD of primaquine-sensitive Negroes even after concentrating the 
enzyme 10,000 fold. He has recently reported that in one Caucasian infant 
with CNSHA the erythrocyte G-6-PD was not only low, but also quantitatively 
different than the normal.*® This finding suggests that different mutant genes 
are operative in the 2 states. 

Several mutant genes or genetic modifiers may influence the activity of 
G-6-PD. Absence of an activator for G-6-PD has recently been reported by 
Rimon and associates** in primaquine-sensitive Sephardic Jews, in whom the 
hemolytie susceptibility is greater than that of primaquine-sensitive Negroes, 
but less than that of CNSHA. Probably more genetic variants expressed as ¢ 
deficiency of G-6-PD will be found; it can be expected that the erythrocyte life 
span in these disorders will vary depending upon the severity of the defect. 


Addendum. Subsequent to the studies reported here we have completed additional DF P32 
erythrocyte survival curves on 2 normal men and one primaquine-sensitive man with con- 
firmatory results. Erythrocyte survival curves with the DFP%2 technique on 4 strongly 
expressed primaquine-sensitive Negro women also have shown a significant shortening of the 
red cell life span. 
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American Negroes whose erythrocytes have deficient glucose-6-phosphate dehydrogenase 
and diminished reduced glutathione undergo hemolysis following the ingestion of prima- 
quine. If the same drug dosage is continued, the acute clinical hemolysis and anemia 
disappear. This self-limited anemia has been divided into 3 phases: (1) the acute 
hemolytic phase, (2) the recovery phase, and (3) the equilibrium, or ‘‘resistamt’’ phase. 
This study established that the ‘‘resistant’’ phase is not absolute but relative; a second 
acute hemolysis, characterized by the same 3 phases as the first, can be induced during 
the ‘‘resistant’’ phase by an increase of the dosage. In addition, a subclinical but definite 
hemolytic process was demonstrated in the ‘‘resistant’’ phase. It is concluded that the 
susceptibility of primaquine-sensitive erythrocytes to hemolysis is not an all-or-none 
phenomenon; the cells have a graded susceptibility to hemolysis and become progressively 
more vulnerable as the cells age in vivo. The hemolytic gradient probably reflects the 
decrease in activity of glucose-6-phosphate dehydrogenase and, possibly, other enzymes 
during senesence of erythrocytes. 


From the University of Chicago, Army Medical Research Unit, Chicago, III. 

Supported in major part by the Research and Development Command, Office of the Sur- 
geon General, Department of the Army, under Contract DA-49-007-MD-566 with the 
Department of Medicine, University of Chicago, Alf. S. Alving, M.D., responsible investi- 
gator, and in part by Winthrop Laboratories, New York, N. Y.; Parke, Davis & Com- 
pany, Detroit, Mich.; and Eaton Laboratories, Inc., Norwich, N. Y. 

The investigations reported in this paper would not have been possible without the coopera- 
tion of the inmates and administrative staff of the Illinois State Penitentiary, Stateville 
Branch, Joliet, Ill. 

A preliminary report of this investigation was published in J. Clin. Invest. 38: 1016, 1959. 

Received for publication Nov. 16, 1960. 

*S. A. Surgeon (R), United States Public Health Service. Present address: Department 
of Biochemistry, Western Reserve University, Cleveland, Ohio. 

**Captain (MC), USA, and Research Associate, Department of Medicine. The University 
of Chicago, Ill. 

***Department of Medicine, Stanford University, Palo Alto, Calif. 

****Department of Medicine, The University of Chicago, III. 











29OR 4 me - J. Lab. & Clin. Med. 
226 Kellermeyer et al. Aucuet, 1961 








a to 15 per cent of American Negro men experience acute hemolysis 
during the ingestion of primaquine,' nitrofurans,? phenacetin,® sulfonamides,’ 
many other drugs, and some vegetable foods, e.g., fava beans.t Primaquine- 
sensitive erythrocytes are best characterized by deficient activity of glucose-6- 
phosphate dehydrogenase (G-6-PD).° Primaquine sensitivity, or, as it has been 
called, glucose-6-phosphate dehydrogenase deficiency, is an inborn error of 
metabolism transmitted by a sex-linked gene of intermediate dominance.*'’ The 
trait is widely distributed throughout the world and, in general, the occurrence 
of primaquine-sensitivity parallels the distribution of falefparum malaria.’* '* 
The dark-skinned races are more frequently affected.* * 

Dern and associates'* observed that the administration of twice the thera- 
peutie dose of the antimalarial drug, primaquine, induced a hemolytic anemia 
which is self-limited even though the drug dosage is continued. Beutler and ¢o- 
workers'* were able to show, by labeling erythrocytes of a narrow age range 
with Fe*’, that in primaquine-sensitive Negro men the erythrocytes 8 to 21 days 
old were not susceptible to hemolysis by 30 mg. of primaquine daily, yet eryth- 
rocytes 63 to 76 days old were vulnerable. They coneluded that the younger 
erythrocytes were insensitive to primaquine because the cells which hemolyzed 
had been in the cireulation for slightly more than one-half the life span of 
normal cells and because doubling the daily dose of primaquine after the older 
cells had been destroyed did not appear to alter complete hematologic recovery.** 
The studies in this report were planned to determine whether the circulating 
erythrocytes in primaquine-sensitive individuals fall into 2 distinet groups, those 
which are susceptible to hemolysis and those which are not, as proposed by 
Beutler and colleagues,'* or whether all of the erythrocytes are susceptible, the 
older differing from the younger only in the degree of susceptibility. The second 
hypothesis implies a gradient hemolytic susceptibility as a function of red cell 
age. To evaluate these 2 hypotheses, an acute hemolysis was induced in 
several primaquine-sensitive Negro men* by the daily administration of 30 mg. 
of primaquine. This dosage was continued until clinical hematologic recovery 
was complete and, for a varying period of time during the subsequent ‘“‘resist- 
ant’’ phase. The dosage was then increased several fold and observations were 
made for (1) evidence of a second acute hemolysis, and (2) evidence of chronic 
subclinical hemolysis during the ‘‘resistant’’ phase after apparent hematologic 
recovery. 


Methods 


The mean life span of erythrocytes was determined by the Cr51+ tagging techniques 
with some modifications.16 Glucose-6-phosphate dehydrogenase activity was assayed in stroma- 
free hemolysate by coupling the reduction of oxidized triphosphopyridine nucleotide (TPN) 
by G-6-PD to the reduction of oxidized glutathione (GSSG) by glutathione reductase, as 


*These investigations were carried out in healthy adult male volunteers. Susceptibility to 
hemolysis by primaquine was established by 2 criteria: (1) acute hemolysis following 
the ingestion of 30 mg. of primaquine for 14 days and (2) a deficiency of G-6-PD in 
erythrocytes. No primaquine-sensitive individuals received hemolytic drugs or donated 
blood during the 4 months preceding this study; no participant was deficient in iron. 
Dosages of primaquine were calculated on the base content of primaquine diphosphate 
and were administered orally. 

+Rachromate, obtained from Abbott Laboratories, Inc., North Chicago, Il. 
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described by Carson and associates5 and Schrier and co-workers.17 Reticulocyte counts were 
done on blood smears stained by a supravital technique with brilliant cresyl blue; prep- 
arations were permanent and no counterstaining was necessary. Each reticulocyte determina- 
tion was based on the per cent of reticulocytes observed per 1,000 erythrocytes counted. The 
reduced glutathione (GSH) content of erythrocytes was determined in protein-free filtrates 
by a modification of the nitroprusside method.1§ 


Results 


Clinical course of a drug-induced hemolysis. The finding of Dern and eol- 
leagues'® was confirmed; the daily administration of 30 mg. of primaquine to 
primaquine-sensitive Negro men produced a characteristic hemolysis with re- 
covery, even though the same dosage of drug was continued (Fig. 1). It was 
also established that a second hemolysis, qualitatively and quantitatively identi- 
cal to the first, occurred if the original dose was readministered after a drug-free 
interval of 4 months or longer. The self-limited hemolytic episode was arbi- 
trarily divided into 3 phases: (1) the acute hemolytic phase, (2) the recovery 
phase, and (3) the equilibrium, or ‘‘resistant’’ phase.’* The acute hemolysis 
was characterized by a rapid fall in the hematocrit level, a decrease in the GSH 
content of the erythrocytes,'* and a fall in the catalase activity."* Anemia, 
increased reticulocytosis, hemoglobinuria, scleral icterus, and other elinical signs 
of hemolysis usually were not apparent until 2 to 4 days after the beginning 
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Fig. 1. The clinical course of an acute, self-limited hemolytic anemia induced by the adminis- 
tration of 30 mg. primaquine to drug-sensitive men. Composite data from 3 sensitive Negro 
men with comparable levels of G-6-PD deficiency. (Reprinted from Bull. World Health Organ. 
22; 625, 1960.) 
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Fig. 2. Following a self-limited acute hemolytic anemia in a primaquine-sensitive Negro man 
receiving 30 mg. of primaquine daily, the dosage was continued for more than a year. During 
the resistant phase an increase in dosage induced a second acute hemolytic episode. 


of primaquine administration. The recovery phase commenced with an increase 
in the reticulocyte count and was followed by the equilibrium, or ‘‘resistant’’ 
phase, which began when the hemoglobin and hematocrit returned to pre-drug 
control values. 

The 6 primaquine-sensitive volunteers chosen for further investigation had 
previously demonstrated a comparable degree of hemolytic susceptibility to 
primaquine. Each manifested major expression of the genetically transmitted 
trait among American Negroes. 

Relative susceptibility of erythrocytes to hemolysis during the recovery and 
the ‘‘resistant’’ phase. Detailed hematologic studies were performed in 3 of the 6 
primaquine-sensitive volunteers to whom varying doses of primaquine were ad- 
ministered during the ‘‘resistant’’ phase. The time at which the drug dosage 
was increased was varied in each of the following studies. 

1. The clinical course of 2 successive hemolytic episodes induced during the prolonged 
administration of primaquine to a sensitive Negro man is shown in Fig. 2. He received 30 
mg. of primaquine daily for more than 1 year after clinical recovery from the initial self- 
limited hemolytic anemia before the daily dose of primaquine was increased. When the dose 
was raised to 240 mg., he experienced a second acute hemolytic episode which, like the first, 
was associated with a fall in the hematocrit and in the GSH content of the erythrocytes and 
was followed by an increase in reticulocytosis during recovery. The high dosage of prima- 
quine was discontinued before recovery was complete. 

2. The second drug-sensitive male volunteer received 30 mg. of primaquine daily for 5 
weeks. When the hematocrit had returned to normal and the GSH to pre-drug levels, the 
primaquine dosage was increased to 240 mg. daily and he experienced a second clinical 
hemolysis. This hemolysis was qualitatively the same as the initial one; however, the se- 


verity of the second hemolysis induced by the eightfold increase of primaquine was not as 
great as in the initial hemolysis (Fig. 3). 




















Viewn © Hemolytic effect of primaquine. XIII 229 






































eo 
af 
oO 
& 
ae 
rs) 
kb 
WwW 
nd 
BH 
es) 
: 
= 5 
i} is 
0 8 16 24 32 56 





DAYS 


Fig. 3. Following a self-limited hemolytic anemia in a primaquine-sensitive Negro man 1e- 
ceiving 30 mg. of primaquine daily, the dosage was continued for 5 weeks, at which time a 
second hemolysis was induced by raising the dose to 240 mg. daily. 


3. The third primaquine-sensitive individual also initially was given 30 mg. of prima- 
quine daily. As soon as it was possible to establish the beginning of hematologic recovery 
(on the sixth day of drug administration)* the daily dosage was increased to 120 mg. daily. 
The increase in the drug dosage interrupted recovery, and further hemolysis ensued. 


‘ 


Chronic hemolysis during the ‘‘resistant’’ phase. The effect of prolonged 
administration of progressively greater dosages of primaquine on the life span 
of erythrocytes and on erythropoiesis was studied in the remaining 3 drug- 
sensitive Negro volunteers. In each individual the hematocrit, erythrocyte life 
span (Cr*! tagging technique), and reticulocyte count were determined under 
physiological conditions during a 4 month control period prior to drug adminis- 
tration. After control values had been established, each volunteer was given 60 
mg. primaquine base daily for 4 months, whereupon the daily dose was raised to 
120 mg. for a second consecutive 4 month period. During the last 3 weeks of 
each 4 month period of drug administration the parameters studied during the 
control period (life span of the erythrocytes, hematocrit and reticulocyte count) 
were re-evaluated. Four months after primaquine administration was stopped, 
final evaluation of 2 parameters (hematocrit and reticulocyte count) were again 
made after complete hematologic recovery. 

The life span of the erythrocytes in these 3 primaquine-sensitive Negro men 
was slightly shorter than normal (Cr* half life: 23, 25, and 26 days) even in 
the absence of hemolytie drugs (Table I), which is in agreement with the obser- 
vations of Brewer and associates*® indicating that under physiologic conditions a 
mild but compensated subclinical hemolysis was present. During the late 


*At this time there was no further fall in hematocrit; a rise in the GSH content and a 
stabilization or decrease in the reticulocyte count had occurred. 
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induce clinical hemolysis. 
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detected (Fig. 4 and Table I). 
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Fig. 4. Life span studies of eryth- 


rocytes from a _ primaquine-sensitive 


Negro man during the late resistant 


phase associated with 60 and 120 mg. 


primaquine base daily. Similar results 


were 


obtained 


Negro men. 


‘‘resistant’’ phases associated with the administration of 60 and 120 mg. prima- 
quine daily, subclinical hemolysis of increasingly greater severity could be 
The degree of chronic hemolysis during the 
resistant phase, as determined by the inerease in reticulocyte counts and the 
shortened life span of the erythrocytes (Fig. 3), was directly proportional to 


in other 


sensitive 









During the ‘‘resistant’’ phase associated with each 


dosage the hematocrit remained normal due to the slight but significant increase 
in the rate of erythropoiesis. 

IV. The administration of large doses of primaquine to nonsensitive men. 
The administration of large doses of primaquine to nonsensitive men did not 


However, slight decreases in the hematocrit, in the 


GSH content of the erythrocytes, and in the life span of the erythrocytes, as 
well as a slight increase in the reticulocyte count was observed in some non- 
sensitive men receiving high dosages of primaquine (Fig. 5). 
were consistent with a mild hemolysis; however, alterations secondary to re- 
moval of blood samples for biochemical studies, or changes secondary to 


These changes 


Evidence of chronic hemolysis during the fourth month of consecutive 
‘*resistant’’ phases in one primaquine-sensitive Negro man* 












Reticulocytes (%) 

















Consecutive 4 month Life span Hematocrit 
periods Crst half life Meant | +58. D. mean 
Control period 
(no primaquine ) 23 12 + .27 (12)t 43 
Resistant phase 
(primaquine 60 mg. daily) 19 1.8 + 54 (17) 43 
Resistant phase 
(primaquine 120 mg. daily) 15 2.4 + .66 (27) 43 
Control period not 
(no primaquine) done 1.0 + .14 ( 6) 46 










(p value > .001). 


tFigures in parentheses refer to the number of determinations. 


*Similar results were obtained in 2 other primaquine-sensitive Negro men. 
+The difference between the means of the reticulocyte counts were statistically significant 
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Fig. 5. Hematologic parameters during the administration of large dosages of primaquine to 
a Negro man with normal hemolysate G-6-PD activity. 


methemoglobinemia which occurred with primaquine administration might also 
play a role. Daily administration of dosages of up to 240 mg. of primaquine 
to individuals with normal hemolysate G-6-PD activity certainly did not result 
in hemolysis of clinical importance. 


Discussion 


A ‘‘resistant’’ or equilibrium phase follows the recovery from acute 
hemolytic anemia produced by the destruction of the older erythrocytes during 
the administration of 30 mg. of primaquine to drug-sensitive Negro men.** ™ 
However, the resistance of the erythrocytes to further hemolysis is relative and 
not absolute, since a second hemolysis can be induced during the ‘‘resistant’’ 
phase by an increase in the dose of primaquine. The second hemolysis can be 
superimposed on the first if the dose of drug is increased during reticulocytosis 
and recovery, or it may be precipitated by suddenly increasing the drug dosage 
after the ‘‘resistant’’ phase has been maintained for 4 to 12 months by the con- 
tinuous administration of a smaller dose of drug. This eontinued hypersuscep- 
tibility to hemolysis during the ‘‘resistant” phase is consistent with the reported 
findings'® of a positive Heinz body test, positive glutathione stability test, and 
low G-6-PD activity of primaquine-sensitive erythrocytes during the ‘‘resistant’’ 
phase. 

The ‘‘resistant’’ phase, in addition, is characterized by continued mild 
hemolysis, fully compensated by a slight increase in erythropoiesis; a normal 
hematocrit level is maintained as long as the severity of the hemolysis does not 


exceed the ability of the bone marrow to respond. The severity of the subclinical 
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hemolysis during the equilibrium phase is dependent on the dosage of drug. 
Dern and colleagues'* were not able to demonstrate either a decrease in the life 
span of primaquine-sensitive erythrocytes or any susceptibility to further acute 
hemolysis during the ‘‘resistant’’ phase due to a failure to incorporate certain 
experimental precautions, the need for which was not apparent at the time of 
their investigations. With the recognition of the necessity of these precautions, 
as well as further standardization of methods, the earlier finding of a normal 
erythrocyte life span during the ‘‘resistant’’ phase has to be modified. 

Primaquine-sensitive erythrocytes are deficient in G-6-PD,° an enzyme which 
decreases during in vivo aging.*"** The G-6-PD deficiency limits the rapid 
regeneration of TPNH and GSH essential for the reduction of redox inter- 
mediates which would otherwise inactivate vital cellular components.** Prima- 
quine, and many other similarly hemolytic compounds, are or can be transformed 
into redox intermediates** °° capable of depleting TPNH and GSH. The 
younger erythrocytes present in the equilibrium phase have a higher level of 
G-6-PD* activity and a greater ability to regenerate TPNH; this may account 
for the self-limited nature of the hemolysis and explain the relative resistance 
to hemolysis during continued administration of primaquine. 
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*Although Flanagan and associates" previously reported the G-6-PD activity of prima- 

quine-sensitive erythrocytes to be equal before primaquine administration and during 
the “resistant” phase, the difference might not have been apparent with the techniques 
used at that time. It will be necessary to statistically evaluate a large number of 
G-6-PD activity determinations in order to distinguish any difference. 
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The water, solids, nitrogen, ash, sodium, potassium, calcium, and magnesium content 
of human leukocytes in the blood of patients with various types of leukemia has been 
determined. The mean content and its standard error per 1012 leukocytes for each 
constituent, expressed in grams for the first 4 items and in milliequivalents for the 
others, in the order listed above, are as follows: Chronic granulocytic leukemia: 449 
+ 14, 126 + 4, 16.2 t 0.6, 7.7 + 0.2, 27.7 + 2.2, 49.3 + 1.9, 0.9 + 0.1, 8.0 t 0.4, respectively ; 
Chronic lymphocytic leukemia: 215 + 14, 54 + 4, 7.2 + 0.4, 4.5 + 0.2, 17.8 + 2.2, 23.0 + 
8.5, 0.38 + 0.03, 3.5 + 0.2, respectively. The differences in the corresponding values for 
the two types of leukemia are statistically significant. A small number of determina- 
tions on other types of leukemia gave values within the range of those found for 
leukocytes in the blood of patients with chronic granulocytic and lymphocytic leukemia, 
A multiple regression analysis revealed that even leukocytes of the same series differ «mn 
their content eccording to size and/or maturity of the cells. In the granulocytic series, 
water, potassium, and sodium remain unaltered with the age of the cell, magnesium de- 
creases, and total solids, nitrogen, and calcium increase, in contrast to the lymphocytic 
series, in which no change in the potassium but marked decrease in every other con- 


stituent occurs with cell maturity. 


‘a biochemical and biophysical effects of electrolytes and the profound 
consequences following their alteration are well recognized.’** Leukocytes are 
exceptionally suitable for studies on cellular metabolism and composition, as 
they can be separated in pure form, particularly from leukemic blood, by simple 
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Fig. 1. A, Micro-Kjeldahl distillation apparatus. B, Special centrifuge tube consisting of 








2 Lucite parts. The tube is assembled by screwing the lower part tightly into the upper, 
with the microcrucible between the parts. 
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Table I, Composition of human leukemic leukocytes: content per 10’ leukocytes 








| Number of Total nitroges 

Type of leukemia | analyzed samples Water (@m.) Total solids (Gm.) (Gm.) As 
Chronic granulocytic 51 449+ 14 126+ 4 16.2 + 0.6 
Chronie lymphocytic 29 215+14 54+ 4 7.2+0.4 
Acute and subacute 

monocytic 9 428 + 38 108+9 14.9 + 0.9 
Acute lymphocytic 6 320 + 48 70+7 10.2 + 1.3 
Subacute lymphocytic 2 392 88 11.5 
Plasmocytiec 2 693 170 21.3 
Chronie eosinophilic 1 548 179 23.0 





methods. Leukocytes almost entirely of the same series (granulocytic, lympho- 
cytic, monocytic, ete.) but varying in maturity can be obtained from patients 
with leukemia. Elucidation of differences in composition that may exist be- 
tween leukocytes of different series or of changes that may occur during the 
maturation of leukocytes is thus possible, as was previously demonstrated in 
a study of the phosphorus compounds.® This paper shows that human leukemic 
leukocytes of different series differ in their electrolyte, nitrogen, and water 
content and that marked changes in composition occur during the maturation 
of leukocytes. 


Materials and methods 


Leukocytes were isolated from oxalated blood samples obtained from 53 patients with 
various types of leukemia, using purified phytohemagglutinin® as previously described.5 
The isolated leukocytes were counted in their final suspension in plasma with the use of a 
hemacytometer. The leukocytes of each sample were predominantly of one series (97 to 99 
per cent) containing only 1 to 2 erythrocytes per 100 leukocytes. The per cent of immature 
cells, i.e., cells with nucleoli (myeloblasts, progranulocytes, and early myelocytes) in 
granulocytic leukemia, and the lymphoblasts plus prolymphocytes in lymphocytic leukemia, was 
established by differential counts on at least 500 leukocytes. The leukocyte volume was 
determined by centrifugation to constant volume.7 Wet weight determinations were done 
by weighing a known number of packed leukocytes, centrifuged without washing, into a 
preweighed microcrucible which served as the bottom of a specially designed centrifuge tube 
(Fig. 1, B). The trapped plasma in the packed leukocytes is negligible.? Total solids 
were determined by lyophilization of the leukocytes in the microcrucibles, followed by drying 
to constant weight at 100° C. in vacuum. Total nitrogen was determined on the dried 
leukocytes by the micro-Kjeldahl procedure.s An all-glass distillation apparatus was used to 
distill the ammonia directly from the digestion flask (Fig. 1, 4). Ash was determined by 
ashing the dried leukocytes in microcrucibles at 500° C, in a muffle furnace. The ash was 
dissolved in 1.0 N HCl and used to determine Na, K, and Ca by flame spectrophotometry® 
at 589.5, 768, and 423 my emission lines, respectively, and Mg, by the Titan yellow method.1° 
The Beckman DU spectrophotometer with a photomultiplier.attachment and a hydrogen-oxygen 
microburner was used. Corrections for the erythrocytes in each sample were made and found to 
be negligible. Statistical analysis of the results was preformed as previously described.5 


Results 


Complete duplicate to quadruplicate analyses were performed for each 
constituent on each of 100 samples and the results were expressed as content 
per 10" leukocytes. 
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roger Magnesium 
) Ash (G@m.) Sodium (mEq.) Potassium (mEq.) Calcium (mEq.) (mEq.) 
6 7.7 +0.2 27.7 + 2.2 49.3+ 1.9 0.9+0.1 8.0 + 0.4 
4 4.5+0.2 17.8 + 2.2 23.0+ 3.5 0.3 + 0.03 3.5 + 0.2 
9 7.7209 27.8 + 4.4 48.9+ 6.0 0.7 +0. 8.4+1.6 
3 5.7 + 0.5 31.0 + 6.3 22.7 + 10.2 0.7 + 0.2 6.4+1.0 

6.3 41.1 26.0 0.5 7.2 

14.1 78.6 44.6 1.5 14.5 

7.4 23.0 44.8 1.2 5.8 





Composition of leukocytes of various leukocytic series. Results from pa- 
tients with the same type of leukemia were pooled and found to be normally 
distributed (P<0.05). Means and standard errors of the means were computed 
and are shown in Table I. The content per kilogram of leukocytes or per 
kilogram of leukocyte water can be calculated from the data in this table. 
Leukocytes from patients with chronic lymphocytic leukemia were found to con- 
tain significantly lower amounts of each constituent per cell than leukocytes from 
patients with granulocytic leukemia (P<0.001). On a wet weight basis leuko- 
cytes of the granulocytic series were not significantly different (P>0.05) in 
their N, K, and Mg content from those of the lymphocytic series, but they were 


Table II. Relation of composition to maturity of human leukemic leukocytes 

















Predicted values per 1012 
leukocytes 
Constituent Regression equation* Immature | Mature 
Granulocytic series 

Water (Gm. ) Y — 59 + 0.742X, 449+14 449+14 
Total solids (Gm.) Y = 39.6 — 0.65X, + 0.158 X, + 0.336 X, 75+8 140+3 

Total nitrogen (Gm.) Y= 4.5—0.06X, + 0.025X, 11.3+1.6 17.6 + 0.5 
Ash (Gm.) Y = 1.2 —0.007X, + 0.056X, 714203 7.7202 
Sodium (mEq.) ¥Y=S8 + 0.114X, — 0.808X, 27.74 2.2 27.7 $2.2 
Potassium (mEq.) Y = 13 + 0.092 X, — 0.487X, 49.3+1.9 49.3+1.9 
Calcium (mEq.) Y — 0.05 — 0.01X, + 0.038X, 0.11 +0.1 113261 
Magnesium (mEq.) Y = 1.4+0.05X, + 0.016X, — 0.103 X, 11.9+1.6 6.9+0.5 

Lymphocytic series 

Water (Gm.) Y —-13.3 — 1.26X, + 0.830X, 496 + 26 162 +6 

Total solids (Gm.) Y = 11.6 —- 0.37X, + 0.180X, 113+8 50+ 2 

Total nitrogen (Gm.) Y=1.7—0.04X, + 0.024X, 16.1+0.9 6.7 + 0.2 
Ash (Gm.) Y = 2.1 + 0.007X, + 0.027X, 8.1+0.4 4.2+0.3 
Sodium (mEq.) = -8.1 — 0.3X, + 0.118X, 52.2 + 6.2 16.8 + 1.4 
Potassium (mEq.) Y= Y=23.1 23.1 + 3.5 23.1 + 3.5 
Calcium (mEq.) Y — 0.34 + 0.001 X, — 0.014X, 0.8+0.1 0.23 + 0.1 
Magnesium (mEq.) Y = 1.30 +0.010X, 9.0+1.0 3.4+0.3 





*Y is the predicted constituent ; Xi is the percentage of immature leukocytes; Xz is the cell 
volume in milliliters per 107? leukocytes; Xs and X4 are the K and Na content, respec- 
tively. 
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found to contain less water, ash, and Na and more total solids and Ca 
(P<0.001). The same relationship was observed when the electrolyte content 
was expressed on the basis of leukocyte water. Definite conclusions cannot be 
drawn, in respect to leukocytes, from other types of leukemia, although the small 
number of determinations gave values within the range of those for chronic 
lymphoeytie and granulocytic leukemia. 


Relationship of composition to maturity and size of leukocytes. The wide 
variation in leukocyte composition, maturity, and size observed among samples 
of leukocytes from patients with the same type of leukemia suggested a pos- 
sible correlation of these factors. Multiple regression analyses for each 
constituent were therefore done, using as predictors only variables which 
showed statistically significant partial regression coefficients (P<0.01). 

GRANULOCYTIC SERIES. The volume of these cells was found to be 526 + 
17.5 ml. (mean + standard error) per 10'? leukocytes and independent of their 
maturity. However, every constituent was found to depend on one or more 
predictors. Regression equations were derived for each constituent and are 
listed in Table II. The following relationships are indicated by these equations. 
The amount of every constituent except Ca, which was independent of cell 
volume, increased as the cells increased in size. Total solids and ash increased 
with increased K content, the latter being inversely related to the Na content. 
Immature leukocytes of this series contained less total solids, N, and Ca and 
more Me than mature leukocytes of comparable size, but there was no difference 
in their water, ash, Na, and K content. Table II shows the mean content (plus 
or minus its standard error) of immature and mature leukocytes as predicted by 
the regression equations. It can be seen that the mature leukocytes contained 
about twice the amount of total solids, 50 per cent more N, 10 times as much 
Ca, and half as much Mg as did the immature leukocytes. 

LYMPHOCYTIC SERIES. The combined data from chronic, acute, and subacute 
lymphoeytie leukemias were analyzed. In this ease the volume of the eells, Y, 
was found to be correlated with the per cent of immature cells, X, and given by 
the equation 


Y = 211 + 5.54X, 


which predicts the mean volume of immature and mature leukocytes as 765 and 
211 ml. per 10” cells, respectively. The regression equations for each con- 
stitutent are listed in Table II and indicate the following. The K content was 
constant, while every other constituent increased with cell volume. Ash in- 
creased and Ca decreased with the K content. The water, total solids, N, and 
Na content per unit volume of cells was lower in the immature than in the 
mature leukocytes. From the predicted mean content and standard error (Table 
Il) it ean be seen that the immature leukocytes contained 2 to 3 times more 
of each constituent than mature leukocytes of this series, except K, for which 
no significant difference was found. 

The predicted value for each constituent in the granulocytic series was 
compared with the corresponding value in the lymphocytic series by the ‘‘t’’ 
test at the 1 per cent level of significance. Immature cells of the lymphocytic 
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series were found to contain significantly higher amounts of total solids, N, 
Na, and Ca, and less K and Mg than immature cells of the granulocytic series, 
but lower amounts of total solids, K, and Ca, and more Na than mature cells 
of the granulocytic series. Mature lymphocytes contained significantly lower 
amounts of every constituent than either immature or mature cells of the 
granulocytic series. 


Discussion 


Several investigators have used leukocytes from various sources in studies 
of cellular metabolism and composition. Hoppe-Seyler’ analyzed cells of dried 
pus. Others have used leukocytes from peritoneal exudates of rabbits'**** and 
guinea pigs,'* and from venous blood of horses'®*! and dogfish.2? Only a few 
determinations of total nitrogen,?* water, nitrogen, sodium, and potassium?* *° 
have been performed on human leukocytes. The reported values are not 
significantly different from the values presented here. A high sodium to 
potassium ratio in animal and human leukocytes, as compared to that of 
erythrocytes, brain, and muscle is evident from our results and from data in 
the literature. This may be due to pinocytosis, which leukocytes exhibit in 
vitro,** and/or to a less efficient sodium exclusion mechanism. 

The statistical analysis of our data shows that leukocytes of different 
series or of the same series but of different maturity differ in their water, 
nitrogen, and electrolyte composition. The difference in cell size contributes 
heavily to the observed differences in cellular content, but fails to explain 
them completely, as not all of these differences are nullified by expressing 
the data per milliliter or per kilogram of leukocytes. Clear-eut differences 
between leukocytes of the granulocytic and the lymphocytic series were thus 
demonstrated not only in their composition but also in the direction and 
magnitude of changes in composition accompanying their maturation. The 
marked biochemical changes accompanying alterations in electrolytes’ sug- 
gest that some of the metabolic characteristics of leukocytes may be partly 
due to their distinetive electrolyte composition. The electrolyte changes 
which accompany maturation may be of importance in metabolic alterations 
that lead to loss of the ability of the cells to divide. In this regard, it is 
perhaps significant that magnesium which is required by many enzymes, 
including those concerned with nueleie acid synthesis, was found in much 
higher amounts in the immature than in the mature leukocytes. 

It should be emphasized that the values given here for leukemic leukocytes 
may differ from those of normal human leukocytes. Human malignant tissues 
have been found to contain more water, potassium, and other electrolytes than 
the corresponding normal tissues,*> ** but the relative immaturity of cells 
and higher cellularity of malignant tissues may be in part responsible for 
these differences. 


We are grateful to Drs. Edwin E. Osgood, Arthur J. Seaman, Robert D. Koler, and 
Bernard Pirofsky for making available their patients for this study, and to the Western 
Data Processing Center, University of California at Los Angeles, for the electronic 
processing of the data. 
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Ultracentrifugal fractionation of human erythrocytes 
on the basis of cell age 


DEMETRIOS A. RIGAS, PuH.D., and ROBERT D. KOLER, M.D. 
Portland, Ore. 
WITH THE TECHNICAL ASSISTANCE OF KATHERINE SWISHER 


An ultracentrifugal technique for the fractionation of human erythrocytes according 
to cell age is described. The method utilizes the Spinco Model L preparative ultra- 
centrifuge, which is equipped with a swinging bucket rotor. The erythrocytes are centri- 
fuged in Lusteroid tubes for 2 hours at 67,000 g; then the erythrocyte column is divided 
into layers by a specially designed tube cutter. A comparison of this method with that 
of ordinary centrifugation on 14 blood samples obtained at intervals from a normal 
human male following administration of a tracer dose of Fes? demonstrated that ultra- 
centrifugation represents a marked improvement in terms of stratification of erythro- 


cytes according to cell age. 


| Key’s' observation that reticulocytes have a lower specific 
gravity than mature erythrocytes, simple centrifugation has been used ex- 
tensively, particularly in recent years, for the fractionation of erythrocytes 
according to age.?"** However, this simple method yields fractions which are 
not pure in respect to cell age. We observed that separation of erythrocytes 
by age improved as the time of centrifugation and the centrifugal force in- 
ereased. This led us to use ultracentrifugal fields to obtain remarkably better 
separation of erythrocytes by age. 


Materials and methods 


Blood samples were obtained at intervals by venipuncture from a normal man following 
intravenous injection of a tracer dose of Fe59 as ferrous citrate. Heparin was used as an anti- 
coagulant. Fractionation of erythrocytes according to age was done by ultracentrifugation 
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and the results were compared with those obtained by ordinary centrifugation at 1,600 
g for 2 hours.11 The Spinco Model L preparative ultracentrifuge with a swinging bucket 
rotor, type SW25.1 was used. The swinging buckets were equipped with nylon adap- 
ters to accommodate 0.5 by 2.5 inch Lusteroid tubes. In order to get as many erythrocytes 
as possible into these tubes and still take advantage of the distribution by age which occurs 
as they sediment through the plasma, 0.5 by 3.5 inch Lusteroid tubes were filled with blood 
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Fig. 1. A, Tube cutter: 1, aluminum block; 2, Plexiglass discs (the lower permanently set, 
the upper removable) ; 3, cutting knife; 4, permanently set brass pins serving as the fulerum 
and the stop of the knife blade; 5, securing thumbscrews; 6, hole into which plastic tube 
fits snugly; 7, brass plunger supporting tube, positioned and secured by thumbscrew (8) ; 
with point indicator of position on scale (9); 10, supporting rubber feet. B, Knurl-tite 
wrench modified as shown. 
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Fig. 2. Separation of erythrocytes by age using ordinary centrifugation at 2,000 g and 
ultracentrifugation at 90,000 g following in vivo labeling with Fe59. 


and centrifuged briefly in an International refrigerated centrifuge. Following removal of 
the supernatant plasma and buffy coat, the tubes were cut to 2.5 inches with a specially de- 
signed tube cutter (Fig. 1, 4) and ultracentrifuged at 4° C. and 22,500 r.p.m. (67,000 g at 
the tip of the tube) for 2 hours. To avoid mixing, the rotor was allowed to coast to a 
complete stop. The Lusteroid tubes adhered so tightly to the nylon adapters following ul- 
tracentrifugation that removal was difficult. Lubrication or powdering of the adapter with 
taleum powder caused the Lusteroid tube to collapse during ultracentrifugation because 
the supporting frictional force which develops between adapter and tube is largely elim- 
inated. A wrench* (Fig. 1, B) was therefore used to remove the tubes without undue diffi- 
culty. Trimming the end of the tightening sleeve to 20 mm. outside diameter (Fig. 1, B) 
permitted a better grasp of the tube. The erythrocyte column was divided into 3 equal layers 
by cutting transversely through the tube with the tube cutter. The blade of the knife 
served as the dividing partition while the erythrocytes above it were withdrawn with a 
syringe fitted with a 13 gauge blunt needle prior to raising the tube to cut another layer. 
The Fe59 present in each layer was determined with a well-type scintillation detector in 
conjunction with a pulse height analyzer and scaler and was expressed as per cent of the 
total Fe59 activity found in the 3 layers. 


Results 


Fourteen blood samples were withdrawn from a normal male subject over 
a period of 115 days after the administration of 8.5 we of Fe; duplicate samples 
were fractionated by ordinary and ultracentrifugation. The Fe present in 
each layer was determined and expressed as per cent of the total activity 
found in the 3 layers. The results (Fig. 2) have been plotted against the time 
at which the samples were obtained. Both techniques of fractionation clearly 
show immediate incorporation of Fe*® into the reticulocytes which are concen- 
trated in the top layer.®»* The continuous change of specific gravity of 


*The % inch Knurl-tite wrench (No. 2583) was made by Walsco Co., Rockford, IIl. 
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aging erythrocytes which, upon centrifugation, results in stratification ac- 
cording to age, as judged by the gradual shift of Fe®® from top to bottom,"! 
is also demonstrated by both methods. However, comparing the 2 techniques 
in respect to the distribution of the labeled cells among the 3 layers, it can be 
seen (Fig. 2) that during the early part of this study a greater portion of 
labeled erythrocytes congregated in the top layer when ultracentrifuged than 
when submitted to ordinary centrifugation and that the opposite is true for the 
middle and bottom layers. Midway through the study, ultracentrifugation 
yielded relatively more labeled cells in the middle layer and, during the last 
part of the study, relatively more in the bottom layer than did ordinary cen- 
trifugation. It is thus apparent that ultracentrifugation consistently resulted 
in far better stratification of the erythrocytes by cell age. 


Discussion 

The importance of the metabolic changes which accompany the aging of 
erythrocytes has stimulated the development of various methods of fraction- 
ating erythrocytes according to age. Thus, serial osmotic hemolysis" and dif- 
ferential agglutination separating transfused donor cells from those of the re- 
eipient'® have been used. : 

The first use of the variation in specific gravity of erythrocytes was made 
by Bass and Johns,'® who demonstrated that erythrocytes containing malarial 
parasites are concentrated in the top cell layer of centrifuged blood. Thirty 
years passed before it was realized that these cells are young erythrocytes.”° 
Simple sedimentation’ * and ordinary centrifugation” **° had been used for 
many years to obtain erythrocytes rich in reticulocytes. However, it was not 
until a study was made of the distribution of Fe°*-tagged erythrocytes by cen- 
trifugation™! that the progressive increase of specific gravity of the cells as 
they age was recognized and full advantage taken of this phenomenon. From 
the data presented here it is apparent that the older, denser erythrocytes can 
be driven through the mass of packed erythrocytes under the influence of 
ultracentrifugal fields, thus achieving a markedly improved stratification ac- 
cording to age. However, complete stratification of the labeled cells into a 
single layer was not achieved. The high centrifugal force has no apparent 
effect on the morphology of the erythrocytes. Use of the special tube cutter 
(Fig. 1, A) prevents mixing of erythrocytes in different layers, which oceurs 
on simple pipetting, and permits metabolic studies on intact erythrocytes, 
which is impossible when the R.B.C. are frozen and then cut. This is also a 
distinct advantage over fractionation by serial osmotie hemolysis’ which yields. 
no intact erythrocytes. Ultracentrifugation is superior to differential aggluti- 
nation'® as it yields fractions of cells which are devoid not only of younger cells, 
as is the case with the latter method, but also of older erythrocytes. 
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Studies concerning the turnover of fibrinogen I'*' in the dog 


JESSICA H. LEWIS, M.D., ELIZABETH E. FERGUSON, B.S., and 
CLYDE SCHOENFELD, M.D. Pittsburgh, Pa. 


lodinated dog fibrinogen was infused into normal dogs and the fibrinogen I131 of each 
was measured as the amount of radioactivity clottable by thrombin or precipitatable at 
56° C. The half-life was 2.4 days. Fibrinogen was rapidly distributed between wtra- 
and extravascular compartments, being demonstrable in the lymph by 30 minutes after 
infusion. Equilibration, as determined by the change in slope of the disappearance 
curve, was reached in approximately 24 how's; at this point 66 per cent of the infused 
fibrinogen I131 remained in the plasma. Anticoagulants did not effect fibrinogen sur- 
vival time. A fibrinolytic agent caused marked fibrinogenolysis. Infusion of dog brain 
thromboplastin resulted in the appearance of an anticoagulant which interfered with clot 
formation on addition of thrombin. 


ities has certain unique physical and biochemical properties which 
make a study of its metabolism one of special interest. By definition, fibrinogen 
is the plasma protein which is clotted in the presence of thrombin. In addition, 
it is the only protein which irreversibly precipitates from normal plasma at 
56° C. These two properties greatly simplify the study of turnover rate and 
body distribution. The prime physiologic function of fibrinogen is its key posi- 
tion in the blood coagulation mechanism. That it may also play other roles not 
directly related to hemostasis is suggested by the frequent association of hyper- 
fibrinogenemia with disease (infections, malignancy, ete.). 

The plasma level of fibrinogen is*controlled by a number of different mech- 
anisms: (1) Genetic control of synthesis: Although the genetic evidence from 
family studies is sparse, the frequency of consanguinity in forebears suggests 
that congenital afibrinogenemia is due to an abnormal gene. (2) Increased 
degradation rate: The many reports of hypofibrinogenemia associated with 
fibrinolytic phenomena seem obvious examples. (3) Unknown mechanisms: 
Whether hyperfibrinogenemia (of pregnancy or disease) is associated with in- 
creased synthesis or decreased degradation is unknown. 
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Turnover rate of fibrinogen has been studied in two ways. In congenital 
afibrinogenemia," 2 unlabeled fibrinogen has been administered and the half-life 
estimated at 4 days. In normal humans, dogs, and rabbits isotopically labeled 
fibrinogen has been used. Estimated half-lives have been as follows: In human 
beings—5.6 days (S*),* (I'*)*; 4.3 days (I'*').2 In dogs—4.2 days (S**)*; 
and in rabbits—66 hours (I'**),° and 69 hours (C**).® 

This investigation has been undertaken to develop and explore methodology 
and to study the effects upon fibrinogen survival of certain possibly modifying 
agents; i.e., fibrinolysins, anticoagulants, and dog brain extract. 


Materials and methods 


Thrombin. Thrombin, topical (Parke, Davis & Co.), diluted to contain 1,000 National 
Institutes of Health units per milliliter. 

Fibrinolysin. Thrombolysin (courtesy of Dr. N. H. Schimmel, Merck Sharp & Dohme 
Inc.) administered as noted in Fig. 7. 

Preparation of dog fibrinogen. No attempt was made to prepare a highly purified 
preparation, as it was thought advantageous to have a nonfibrinogen protein component 
(in order to compare survival times), and as a simple fractionation procedure tended to 
avoid the denaturation which often accompanies extensive handling. Chilled oxalated or 
citrated dog plasma was brought to 25 to 33 per cent saturation with ammonium sulfate 
added dropwise with constant stirring. The mixture was maintained at 0° C. for 30 minutes, 
centrifuged cold, and the precipitate dissolved in one quarter of the original plasma volume 
of 0.15 M KPO, buffer, pH 7.5. The fraction was dialyzed against repeated changes of 
the same buffer until free of NH, ions by test with Nessler’s reagent. Fractionation at 
lower concentrations of ammonium sulfate resulted in higher fibrinogen concentrations but 
lower total yield. Among the various fractions used the fibrinogen concentrations varied 
from 28 to 50 per cent. 

Iodination. The fibrinogen fractions were trace-labeled with I151 by the tri-iodide 
method at pH 7.57 Free 1131 was removed by exhaustive dialysis at 4° C. against 0.15 M 
phosphate buffer, pH 7.5. The fibrinogen was usually passed through a Seitz filter before ad- 
ministration. Administered dose varied from 1.53 to 10.1 mg. protein nitrogen (mean, 7.0 
mg.) containing 50 to 60 ye 1151, By calculation less than 3 atoms of iodine were bound 
to a fibrinogen molecule. 

Determination of radioactivity. 1431 gamma activity was measured in a 4 inch lead 
shielded well scintillation detector with thallium activated sodium iodide crystal. Samples 
were corrected for background and for decay by comparison with a reference sample. No 
correction for 1131 activity withdrawn in the repeated blood sampling was made. 

Recipient fibrinogen radioactivity, method H. Five hundred lambda plasma was diluted 
with 1 ml. 0.85 per cent sodium chloride (pH 7.5) and heated to 56° C. for 5 minutes. 
After centrifugation the precipitate was washed twice and 1131 activity determined. Nitrogen 
was determined subsequently in the same sample by the micro-Kjeldahl method. 

Method F. Five hundred lambda plasma was diluted with 1 ml. 0.85 per cent sodium 
chloride (pH 7.5) and clotted with 0.1 ml. (or more, if necessary) thrombin. The fibrin 
was wound out on a small glass stirring rod, washed thoroughly, teased off the rod into 
a vial, and counted. The supernatant was tested for the presence of nonclotted fibrinogen by 
addition of another 0.1 ml. thrombin. Subsequently the clot was digested and nitrogen 
content determined. 

Method P-S, If coagulation proceeds normally the difference in [131 count between 
plasma and serum might be expected to represent the fibrinogen I131, That this method 
entails certain inaccuracies due to fibrinogen volume is shown in the Technical Results section. 
One milliliter samples of plasma (anticoagulated with dry Sequestrene-Na,) and serum 
(2 or more hours after clotting) were counted. The serum count was also used to determine 
the survival of nonfibrinogen labeled proteins. 
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CENTIMETERS FROM ORIGIN 


Fig. 1. Paper electrophoresis of dog fibrinogen fraction and dog plasma (see text). 


Determination of plasma volume. The Evans blue method was used as described by 
Warren’ and Dow.9 

Prothrombin time and other coagulation tests. In these tests were employed previously 
described methods.1° 

All dogs received 5 drops Lugol’s solution orally for 3 days before an experiment. 


Technical results 


Todination of fibrinogen fraction. The top portion of Fig. 1 shows a com- 
parison of protein (bromophenol blue) and I'*' distributicn in a typieal fibrino- 
gen preparation after paper electrophoresis. It is evident that I'** coneentra- 
tion is proportional to protein concentration. 

Distribution of I'*! in recipient plasma proteins. The possibility that the 
I's! label might shift among the plasma proteins in the recipient plasma was 
checked in the following experiment. Plasma samples obtained .10 minutes, 24 
hours, and 48 hours after fibrinogen I'** infusion were each applied to 8 paper 
strips. After electrophoresis, the papers were cut in 1 em. sections and each 
identical lot of 8 rolled up into a tube and counted. The lower portion of Fig. 
1 shows the results and should be compared with the upper section, which 
represents the fraction infused into this dog. No evidence of tag-shift was seen. 

Plasma volume determined with fibrinogen fraction I'**. If the iodinated 
protein fraction is promptly and evenly distributed in the plasma it should 
serve as an accurate method of determining plasma volume. To check this, 
Evans blue determinations were done on the first group of dogs. Fig. 2 shows 
the correlation of the two determinations made 10 minutes after the infusion 
of the dye plus fibrinogen I'**. The coefficient of correlation was 0.92. In later 
experiments only the 10 minute fibrinogen I'*' value was used for determining 
the plasma volume. 
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Comparison of methods of assay of recipient fibrinogen. Fig. 3 shows the 
mean fibrinogen survival eurves in 20 dogs as determined by the three methods. 
Methods H and F agree well; method P-S shows markedly lower levels of cir- 
culating fibrinogen I'*' toward the end of the experimental period. In faet, 
some of the late serum samples actually counted higher than the plasma samples. 
Two explanations are possible: (1) Methods H and F give inaccurately high 
values due to occlusion or adsorption of nonfibrinogen protein I’** onto the 
precipitate or clot; and (2) method P-S gives an inaceurately low level due to 
either volume change or splitting off of a soluble iodinated portion of the fibrino- 
gen molecule during coagulation. 

The first possibility was tested in the following experiment. Whole serum 
(previously dialyzed) was iodinated and dialyzed until free of unbound I'*'. 
Three or 0.6 ml. samples of this serum were mixed with 10 ml. lots of cold, 
fresh dog blood (silicone technique) and samples pipetted out into Sequestrene- 
Na. and glass tubes. ‘‘Fibrinogen I'*',’’ as tested by the three methods at the 
high and low levels of serum activity, is shown in Table I. At the low level of 
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Table I. In vitro tests with serum ['** 





10 ml. whole dog blood plus: 
Material counted ETERS Gee ee ee es 
0.6 ml. serum [131 3 ml. serum [131 





(counts/minute/milliliter ) 





Whole blood 4,298 21,490 
Plasma 5,868 29 830 
Method H 33 158 
Method F 20 103 
Method P-S 1,176 ; —3,730 





Table IT. In vitro tests with fibrinogen I" 





10 ml. whole dog blood plus 
Material counted —— 
0.12 ml. [131 0.8 ml, [131 


(counts/minute/milliliter x 104) 





Whole blood 1.02 6.88 
Plasma 1.46 10.91 
Method H 0.54 4.02 
Method F 0.52 3.95 
Method P-S 0.42 3.47 





serum activity, which corresponds to that which was found in in vivo experi- 
ments, no significant amounts of serum I'*' were occluded in methods H and F. 
When the serum radioactivity was increased fivefold, the occlusion was still 
insignificant, the final counts being less than 3 times background. At both 
levels of serum radioactivity the serum counted higher than the plasma, sug- 
gesting a volume change during clotting. 

In a second experiment iodinated fibrinogen fraction (0.8 and 0.12 ml. per 
10 ml. blood) was mixed with fresh dog blood and fibrinogen I'*? assayed by the 
three methods. Methods H and F were in good agreement, whereas method P-S 
was low (Table IT). 

In the entire study some 220 plasma samples from 33 dogs were analyzed 
by methods H and F and the coefficient of correlation between the results ob- 
served in the two methods was 0.996. As will be pointed out later, marked 
discrepancies between the two methods occurred under certain experimental 
conditions. 

Data presented in ensuing charts employ the mean of methods H and F as 
the fibrinogen value unless otherwise stated. 

In 3 dogs fibrinogen and serum radioactivities were followed for 32 days. 
During the first 48 hours there was a rapid drop (50 per cent) in both fibrinogen 
and nonfibrinogen radioactivity. Thereafter, fibrinogen I'** disappearance rate 
slowed, reaching insignificant levels in 8 to 10 days. After the initial equilibra- 
tion period both fibrinogen I'** and nonfibrinogen protein I’** disappearance 
followed exponential curves with half-lives of 2.4 days for fibrinogen and 10 
days for the main nonfibrinogen protein component (primarily y globulin). 
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In the 20 normal dogs studied the T1% for fibrinogen I'*! averaged 2.438 days, 
with a range of 1.8 to 3.05. If the straight line (semi-log paper) portions of 
the fall-away curves were extended back to zero time, the intercept averaged 
66 per cent of the initial value, suggesting a distribution ratio between the intra- 
and extravascular fibrinogen pools of 1.93. 
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Experimental results 


Effects of route of administration. Fig. 4 compares the plasma levels of 
fibrinogen I'* obtained after intravenous, intramuscular, and intraperitoneal 
administration of the same lot of labeled fibrinogen. Evans blue plasma volumes 
were used for the calculations. By 48 hours the plasma levels were the same. 


Equilibration period and distribution in lymph. The rapid fall in intra- 
venously administered fibrinogen I'*? during the first days and the rather prompt 
appearance of the labeled fibrinogen in the plasma after intramuscular and 
intraperitoneal injection suggested that fibrinogen could pass ‘‘freely’’ through 
the vascular wall. In two dogs the thoracic lymph duct was cannulated,* and 
the appearance of labeled fibrinogen observed. In one dog a preliminary lymph 
sample (before heparinization) was obtained for coagulation studies, which are 
shown in Table III. It was necessary to heparinize both dogs in order to keep 
the cannulae from being obstructed by clot. Eighteen to 24 hours after opera- 
tion, when the lymph appeared essentially free of red cells, labeled fibrinogen 
was administered intravenously, and levels in lymph and plasma followed for 
6 hours, as shown in Fig. 5. The results are presented as counts per minute per 
milliliter. In the lower portion of the chart, per cent of total counts due to 


*The authors wish to thank Dr. William Hanna for performing the necessary surgery. 
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Table III 








Protein and coagulation factors in dog plasma and lymph | Plasma Lymph 
Total protein (Gm./100 ml.) 6.68 5.25 
Fibrinogen (methods H and F) % total protein 5.8 2.0 
Albumin (paper electrophoresis ) 28.8 35.6 
a, (paper electrophoresis ) 4.6 5.8 
a, (paper electrophoresis ) 8.6 8.7 
B, (paper electrophoresis ) 20.7 19.6 
Bz (paper electrophoresis ) ; 14.4 13.8 
y (paper electrophoresis) 22.8 16.4 
Clotting time (on whole blood or lymph) Minutes 6 3 
Clot retraction (on whole blood or lymph) +4+++ 0 
Platelet count (on whole blood or lymph) Per cubic millimeter 330,000 0 
Prothrombin time Seconds 7.0 7.6 
Serum prothrombin time Seconds 18.4 10.2 
Plasma- thrombin time Seconds 25.0 33.0 
Assays for (as % plasma value) 
Prothrombin 100 62 
VII and X 100 68 
V 100 40 
VIII 100 75 
IX 100 75 
Hageman 100 40 
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Fig. 5. Appearance of fibrinogen 1131 in lymph following intravenous infusion. (See text.) 





254 Lewis, Ferguson, and Schoenfeld J. Lab. & Clin. Med. 
August, 1961 


Table IV. Tissue concentration I'** (Dog No. 1,302) 





Per cent total injected dose 





Lung 0.8 
Spleen 0.1 
Heart 0.5 
Kidney 0.4 
Liver 1.4 
Gastrointestinal tract 5.6 
Lymph nodes 0.1 





fibrinogen are shown. In the plasma samples 39 per cent of the total activity 
was in the fibrinogen fraction (the original fraction also assayed at 39 per cent 
fibrinogen). Fibrinogen I'** appeared in the lymph more slowly than did the 
labeled nonfibrinogen components and never reached greater than 26 per cent 
of the labeled lymph protein. 


Tissue distribution of I'*'. One animal was sacrificed 24 hours after infusion 
of fibrinogen I'**. Table IV shows the distribution of radioactivity in selected 
perfused tissues caleulated as per cent of total injected dose. 


Effects of anticoagulants on fibrinogen survival. A popular theory concern- 
ing blood coagulation states that a continuous process of clot formation and clot 
lysis occurs in the body at all times. If this theory is true, procedures which 
deter coagulation might be expected to prolong survival time of fibrinogen. 

Three dogs received depot heparin in varying doses so that the coagulation 
time 10 to 12 hours after injection was 15 minutes or longer. Six dogs received 
oral Coumadin in dosage to maintain prothrombin time between 2 and 15 per 
cent. In both groups hemorrhage was a frequent complication, not only from 
venipuncture sites but also spontaneous, into gastrointestinal tract, mouth, and 
subcutaneous tissue. 

Fig. 6 shows that no significant differences in fibrinogen survival were ob- 
served in spite of markedly impaired coagulation. 
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Effects of fibrinolysis on fibrinogen survival. Previous experiments had 
shown that infusion of a fibrinolytic agent, Thrombolysin, prepared by strepto- 
kinase activation of human profibrinolysin, was able to cause a marked drop 
in fibrinogen. It seemed of interest to determine whether or not any of the 
fibrinogen degradation products might retain the I'** label and be reutilized 
in fibrinogen synthesis. Twenty-four hours after infusion of fibrinogen I’** a 
large dose of Thrombolysin was administered (Fig. 7). During and immediately 
after the infusion of the fibrinolytic agent a marked fall in total and labeled 
fibrinogen occurred. Twenty-four hours later the labeled fibrinogen level had 
changed only slightly, presumably due to reequilibration with extravascular 
labeled fibrinogen. Thereafter, the rate of fall paralleled that seen in the con- 
trol dogs. The total (unlabeled) fibrinogen returned to normal levels 24 hours 
after the initial fall. It should be noted that there was no significant difference 
between fibrinogen levels as determined by methods H and F although large 
amounts of thrombin wére necessary to clot the fibrinogen in the samples taken 
after Thrombolysin infusion. 

Effects of tissue thromboplastin infusion. Another experimental technique 
which has been deseribed in the literature as resulting in hypo- or afibrino- 
genemia is the slow infusion of tissue thromboplastin. We employed a technique 
similar to that deseribed by Ratnoff and Conley," using a slow infusion of dog 
brain emulsion. The various coagulation factor changes found will be deseribed 
in detail jn a later communication.’” A marked discrepancy in fibrinogen levels 
as measured by the 56° C. and thrombin methods was observed, which suggested 
that an anticoagulant was present or that the fibrinogen molecule was modified 
to become resistant to thrombin action (also to spontaneous coagulation) but 
was still capable of precipitating at 56° C. Fig. 8 demonstrates the results in 
one experiment. 


Discussion 


These experiments demonstrate a mean half-life of 2.4 days for iodinated 
fibrinogen in the dog. This is considerably shorter than that reported by other 
investigators.*° Technical errors can readily effect the apparent survival time. 
Incomplete separation of the recipient fibrinogen from contaminating labeled 
protein might give misleadingly high counts, particularly in the late samples. 
Decreased survival might result if the fibrinogen molecule was damaged during 
fractionation or iodination. Another factor which might shorten fibrinogen sur- 
vival is the presence of a contaminating pyrogen, resulting in a pyrogenic reac- 
tion with activation of the fibrinolytic enzyme system. We have no evidence 
suggesting damage to the fibrinogen molecule or the occurrence of pyrogenic 
reactions in our experiments. There was no evidence of accumulation of I 
in any tissue studied. On addition of thrombin the same amount of fibrin was 
obtained from the fraction before and after iodination, and 10 minutes after 
infusion into the dog. 

During the first 24 to 48 hours the fibrinogen I’** level fell rapidly, sug- 
gesting that fibrinogen passed from the circulating pool to an extravascular 
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pool. Fibrinogen I*'** appeared in the thoracic lymph by 30 minutes and reached 
a maximum by 3 to 4 hours. At this time the specific activities (counts per 
minute per milligram fibrinogen) were approximately the same (24.3 for plasma, 
23.9 for lymph). This rate of equilibration of fibrinogen I'** between plasma 
and lymph is somewhat more rapid than that described by Wasserman and 
Mayerson'* for albumin I'**. These investigators found an equilibrium point 
at approximately 7 to 8 hours. 

Although the plasma and lymph appeared to reach an equilibrium by 4 
hours, the rapid phase of fibrinogen disappearance from the plasma continued 
for at least 24 hours. These observations suggest the possibility of three fibrino- 
gen compartments, one intravascular, one a rapidly exchanging extravascular, 
and a third, more slowly exchanging extravascular. If the slow phase ex- 
ponential decay curve, which, presumably, measures rate of fibrinogen metabo- 
lism, is extended to the zero line, the mean intercept is at 66 per cent of the 
initial plasma activity, indicating an extravascular pool size of approximately 
50 per cent of the plasma volume. 

The presence of iodinated fibrinogen in the lymph demonstrates that this 
large molecule can pass the vascular ‘‘wall’’ without undergoing coagulation, 
in spite of the fact that the potential ingredients for clot formation are also 
present in lymph fluid. 

No evidence to substantiate the theory™ of continuous intravascular fibrin 
deposition and lysis was obtained. Anticoagulants did not lengthen the survival 
time of fibrinogen. 

Infusion of a fibrinolytic agent caused fibrinogenolysis. In the 24 hour 
period after the rapid decrease in plasma fibrinogen I'** level there was no 
additional fall. Although it is possible that labeled fibrinogen split products 
were reused in the formation of new fibrinogen, a more likely explanation is the 
re-equilibration of intra- and extravascular labeled fibrinogen molecules. There- 
after the plasma fibrinogen I'** fell at a rate paralleling that of the control dogs. 

Slow infusion of a potent dog brain thromboplastin resulted in prolonged 
plasma-thrombin and whole blood coagulation times. Additional experiments, 
to be published elsewhere, showed a variety of coagulation factor changes, the 
most impressive of which were a profound thrombocytopenia and an inability 
of the plasma to clot on addition of potent thrombin. The latter finding resulted 
in the marked discrepancy between fibrinogen as measured by methods H and 
F (Fig. 8) and could, at least in part, be attributed to the presence of an 
inhibitor. Ratnoff and Conley" and Hartmann and associates found evidence 
of abnormal thrombin-fibrinogen reaction following infusion of homologous brain - 
extracts. 
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Study of fibrinogen and plasminogen concentrations in 


rabbits during anaphylactic shock 


HENRY GANS, M.D., and WILLIAM KRIVIT, M.D., Pu.D. 


Minneapolis, Minn. 


In order to evaluate the effect of anaphylaxis on the last stages of coagulation, the dif- 
ferent clotting parameters of these stages were determined in blood obtained from 
rabbits before and after induction of anaphylactic shock. 

Two cubic centimeters of dog serum, injected into an ear vein on 2 consecutive days, 
served to sensitize the animals. Sixteen days after the last injection anaphylaxis was 
provoked with 0.4 to 1.2 em.’ of dog serum. ; 
Blood obtained from an aortic catheter was processed for its fibrinogen and plasminogen 
concentration and the plasmin and plasminogen activator activity. Fibrinogen concen- 
trations were also studied in animals pretreated with epsilon aminocaproic acid before 
injection of the anaphylaxis-provoking dose of dog serwm. 

It was found that fibrinogen concentrations invariably declined after induction of ana- 
phylaxis. This was not found in the group of animals pretreated with epsilon amino- 
caproic acid. 

Plasminogen concentrations also declined invariably after induction of anaphylaxis. 
Concomitant with the decline in plasminogen concentration there occurred a substantial 
increase in plasminogen activator activity. These changes are consistent with the 
hypothesis that activation of the plasminogen-plasmin system occurs in anaphylaxis 


in rabbits. 


1. anaphylactic shock several abnormalities of the coagulation system have 
been deseribed. Jaques and Waters'’ have shown that the clotting time is 
prolonged in anaphylaxis in the dog. They have indicated that the marked pro- 
longed clotting times are a result of increase in circulating heparin. 

Pesci,'* and more recently, Quick and associates,’® have shown that aggluti- 
nation of platelets and severe thrombocytopenia occur during anaphylaxis. As- 
sociated with disintegration of platelets there may be intravascular coagulation. 

Plasminogen activation in vitro by antigen-antibody reaction has been in- 
eriminated by Ungar and Mist.**° This activation has not been reproduced by 
others.’ 

From the Department of Surgery and Pediatrics, University of Minnesota Hospitals, Min- 


neapolis, Minn. 
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Fibrinogen and plasminogen-plasmin system were studied during ana- 
phylaxis in rabbits. The results indicated that the fibrinogen concentrations do 
fall after induction of anaphylactic shock. Considerable activation of the 
plasminogen-plasmin system was demonstrated after induction of anaphylactic 
shock. 





Materials and methods 





9 


Albino rabbits weighing 2 kilograms were used for all the experiments referred to in 


this paper. Each of these animals were given, as a sensitizing dose, 2 intravenous injections 
of 2 ml. of whole dog serum on 2 consecutive days.2° 

Twelve to 16 days following the administration of the sensitizing dose, the animal was 
subjected to intubation of the aorta under Nembutal anesthesia. An anaphylaxis-provoking 
dose of 0.4 to 1.2 ml. of dog serum was then given through the cannula in the aorta. 

One group of animals was pretreated with epsilon aminocaproic acid (E.A.C.A.)* in a 
dose of 6 to 8 ml. (0.15 M) per rabbit. 

The severity of the ensuing anaphylactic reaction was judged by the extent of the 
blanching of the ear veins, dyspnea and cyanosis, the increase in small bowel motility, and 
the distention of the abdominal veins.4;20 Whole blood (5 ml.) was withdrawn before and 
after injection of dog serum. These samples were collected in tubes containing 0.25 ml. 
of 10 per cent Sequestrene. 

The blood was centrifuged for 5 minutes at 2,000 r.p.m. and the plasma separated. 
Plasma samples were placed on the different fibrin plates (see below), after which the rest 
of the plasma was quick frozen. Thawing and rewarming of the samples was done at 37° C. 
in a constant temperature bath. All samples of one rabbit were processed simultaneously on 
the day of collection for their fibrinogen and plasminogen contents. 

Fibrinogen concentrations. These were determined by the method of Kjell-Jacobsson.1° 
The plasma is diluted with buffer and clotted with a standard thrombin preparation. The 
clot is washed and dissolved in a 40 per cent urea solution. The solution is read in a 
Beckman spectrophotometer at 279, 320, and 360 my against a urea blank. 

Plasminogen concentrations. These were determined by the casein digestion method. 
The plasmin and plasminogen of serum or plasma are freed from their inhibitors by being 
precipitated in the euglobulin fraction at pH 5.2. The euglobulin solution is incubated with 
standard amounts of streptokinase, dilution of human serum and casein for 30 minutes, and 
the amount of casein digestion determined by measuring the tyrosine content of the reaction 
mixture in the Beckman spectrophotometer at 280 my. Plasminogen determination by this 
method yields the same values for both plasma and serum. Therefore, the euglobulin 
plasminogen values are not dependent on fibrinogen concentration. 

FIBRIN PLATES. The plates were prepared according to directions given by Astrup and 
Mullertz.3 Fibrinogen is precipitated from bovine oxalated plasma with anmmonium sulfate. 
The fibrinogen fraction is dissolved in barbiturate buffer (pH 7.8) to a final concentration 
of 200 mg. per cent. Ten cubic centimeters of this solution is pipetted into standard Petri 
dishes and clotted with 50 u. thrombin.t 

HEATED PLATE. The above Astrup plate is heated at 80° C. for 30 minutes.13 

Plasminogen was obtained from plasma Fraction ITI by a fractionation method de- 
seribed by Kline.124 Ten grams of Fraction IIT is acidified by addition of 200 em.3 of 0.05 N 
sulfurie acid. After stirring and centrifugation, the top layer of lipids is skimmed off. The 
remainder is brought to pH 11 with 1 N NaOH. After exactly 1 minute the pH of the 
solution is brought to 5.3 with 1 N HCl. After refrigeration for 3 hours, the pH is again 
brought to 2. Solution is centrifuged in the cold for 1 hour at 2,500 r.p.m. The gelatinous 
residue is discarded and the supernatant is brought to pH 8.6 and dialyzed against sodium 

*Ortho Research Laboratory, Ortho Pharmaceutical Corporation Raritan, N. J. 

fTopical Thrombin, Parke, Davis & Company, Detroit, Mich. 


{Plasma Fraction III obtained through the courtesy of Dr. Gerlough of_E. R. Squibb & 
Sons, New York, N. Y., and Dr. J. N. Answorth of the American Red Cross. 
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Fibrinogen Concentration in Control Rabbits Receiving 
Normal Saline instead of Dog Plasma 
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Fig. 1. Fibrinogen concentrations expressed in percentage of preinjection value, in 6 control 
rabbits receiving saline instead of dog serum. 


phosphate buffer (0.025 M, pH 6.0). Dialysate is refrigerated 1 hour and resulting pre- 
cipitate is separated by centrifugation at 2,500 r.p.m. for 1 hour. Precipitate is dissolved 
in 25 em.3 of distilled water to which is added one drop of 0.1 N HCl. This plasminogen 
solution is store] in refrigeration. 

PLASMINOGEN REINFORCED PLATE. Of the above standard plasminogen solution, 0.1 em.3 
was added to the usual constituents of the Astrup plate. 

Epsilon aminocaproic acid was used in a 0.15 M solution. The E.A.C.A. (1 em.3) was 
added to the constituents of the plasminogen reinforced plate. These plates are described as 
epsilon aminocaproic acid-enriched plates (E.A.C.A. plates). 

The amount of lysis of the fibrin plates was determined as described by Astrup? by 
measuring the greatest diameter of the lysed area after incubation at 37° C. for 20 hours. 
Duplicate applications of 30 were placed on surface of each plate. 


Results 


Fibrinogen concentrations. Since the initial fibrinogen concentration varies 
normally from one animal to the other, the concentrations found after injecting 
the animals were expressed in a percentage of preinjection values. 

Six control rabbits received saline 10 to 15 days after the primary sensi- 
tizing injections of dog serum. No marked changes were observed after saline 
injection (Fig. 1). 

Upon challenging 12 animals with dog serum, however, and then provoking 
anaphylactic shock, a decline in the fibrinogen concentration invariably occurred 
(Fig. 2). The average decrease in fibrinogen value for these 12 animals was 
found to be 44 per cent. 

The group of 12 rabbits pretreated with E.A.C.A. prior to injection of the 
provoking dose of dog serum showed no significant changes in the fibrinogen 
concentrations (Fig. 3). 
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Plasminogen plasmin system. 
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The effect of in vitro combination of dog 
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serum and rabbit blood obtained from previous sensitized animals was studied 


specifically. 
plasmin system. 


This addition did not result in the activation of the plasminogen- 
The lack of activity was demonstrated by incubating samples 


of this combined plasma and its euglobulin fractions on all the types of fibrin 


plates. 


Plasminogen concentration. 


gen values were found in the group of control animals (Fig. 4). 
However, plasminogen concentrations as determined by Norman’s'® method 


Table I. 


invariably declined after the induction of anaphylaxis (Fig. 5). 







No changes of any significance of the plasmino- 


The maximum 


Fibrinogen concentrations in mg. % before and after induction of 
anaphylatie shock in rabbits 





No. 
rabbit 


Time (in minutes) after induction of anaphylaxis 


Control | 


Fibrinogen value (mg. %) 


7) 





| 45 | 60 | 


Remarks 





129 
132 
149 
158 
160 
167 
169 
170 
2,288 


9°90 

2,289 
r« “4 
2,296 


> 907 
2,297 


363 
398 
360 
335 
200 
354 


299 


497 
386 


442 
230 
310 


215 
148 
205 
295 


AD) 


fa 
212 
116 
244 
320 


306 
197 


272 


260 
74 ¢. p.* 

155 ¢. p. at 20 
103 ¢. p. 

475 
210 


226 ¢. p. 


Dead within 
Dead within 
Dead within 
No shock 

Dead within 


Dead within ¢ 


Dead within 
No shock 
No shock 


7) 


minutes 
minutes 
minutes 


5 minutes 


minutes 
minutes 


, marked 
anaphylaxis 


Dead within 15 minutes 


Dead in 18 minutes 


No shock 
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Table 


Cardiac puncture. 


Fibrinogen concentrations in mg. % before and after induction of 
anaphylaxis in rabbits pretreated with epilson aminocaproie acid 





Fibrinogen value (mg. %) 
Time (in minutes) after induction of anaphylaxis 











No. 

rabbit | Cond rol | 5 15 30 | 45 | 60 | Remarks 
142 255 275 268 c. p.* Dead within 15 minutes 
143 396 373 366 ¢. p. Dead within 15 minutes 
145 328 312 392 ¢. p. Dead within 15 minutes 
146 481 561 425 Animal killed with 

Nembutal 
170 315 295 372 No shock 
17] 483 398 412 ¢. p. Dead within 15 minutes 
173 355 335 322 Dead within 20 minutes 
175 311 335 335 Dead within 18 minutes 
177 300 288 ¢. p. Dead within 5 minutes 
180 413 398 ¢. p. Dead within 5 minutes 
181 304 357 ¢. p. Dead within 5 minutes 
182 290 290 265 ¢. p. Dead within 15 minutes 
*c. p. = Cardiac puncture. 
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Decline in Fibrinogen Concentration, Expressed 
in Percentage of Preinjection Value, after 
Induction of Anaphylaxis (12 rabbits) 


oa. 


Value 


Concentration 
Preinjection 








‘ : 
— 2 
@ . . 
3 2 , 
= = 
- = 
a = 
u $ | 
® 
a at 
ev 1 meon 56 % meon += 57 % meon = 57% 
O n ere: 1 
5 10° 15 20 


Time in Minutes after Induction of Anaphylaxis 


Fig. 2. Decline in fibrinogen concentration, expressed in percentage of preinjection value, 
after induction of anaphylaxis in 12 rabbits. 


decline occurred in the first 5 minutes and decreased to 58 per cent of the 
original concentration. No activity was noted in the heated (Lassen'*) plates. 
Therefore, no free plasmin was found. 

Plasminogen activator activity. Concomitant with the plasminogen decrease 
found after induction of anaphylaxis, a substantial increase in plasminogen 
activator activity was noted. This increased plasminogen activator activity was 
determined by the extent of lvsis of the plasminogen reinforced fibrin plates 

Fibrinogen Concentrations, Expressed in Percentage of 


Preinjection Value, after Induction of Anaphylaxis in 
12 rabbits Pretreated with E-Amino -Caproic-Acid 
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Fig. 8. Fibrinogen concentrations, expressed in percentage of preinjection value, after in- 
duction of anaphylaxis in 12 rabbits pretreated with epsilon aminocaproic acid. 
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Plasminogen Concentration in 5 Control 
Rabbits Receiving Normol Saline 
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Fig. 4. Plasminogen concentrations, expressed in percentage of preinjection value in 5 con- 
trol rabbits receiving normal saline. 


produced by euglobulin samples. The increase in plasminogen activator activity 
was found in the 5 minute sample and reached a maximum in the 15 minute 
sample (Fig. 6). lysis on the plates increased from an average control 
level of 40 mm. to a maximum of 160 mm.’ 

Course of anaphylactic reaction. No difference in the symptoms of anaphy- 
lactic reaction could be detected between the E.A.C.A.—pretreated rabbits and 
the unpretreated animals (Tables I and IT). 


Plasminogen Concentration ( in Percentage of 
Normal) in 8 Rabbits during Anaphylactic Shock 
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Fig. 5. Plasminogen concentrations, expressed in percentage of preinjection value, in 8 
rabbits after induction of anaphylaxis. 
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Extent of Lysis of Euglobulin Solution on 
Plasminogen Reinforced Fibrin Plates 
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Fig. 6. Increase in plasminogen activator activity, as is evident from the extent of lysis of 
the plasminogen reinforced fibrin plates, after the incubation of euglobulin samples prepared 
from the plasma of 8 rabbits. Increase in plasminogen activator activity, as evident from the 
extent of lysis of plasminogen reinforced fibrin plates, after the incubation of euglobulin 
samples prepared from the plasma of 8 rabbits. Note here that E.A.C.A. fibrin plates have 
minimal lysis. This inhibition by E.A.C.A. indicates that plasminogen activator activity was 
responsible for the observed lysis. 


Discussion 


In reviews of Doerr* and Richet®® the methodology for producing anaphy- 
lactie shock was outlined. The symptoms of anaphylactic shock of the rabbits 
in the present experiment were those described by these authors. The effect on 
the rabbits reported here were impressive in that there was a dramatic occur- 
rence of dyspnea, cyanosis, hyperperistalsis with defecation, and vasoconstriction 
and death occurred in the animals at the time of induction of anaphylaxis. 

These animals undergoing anaphylactic shock were studied in order to 
evaluate the effect of the condition on the fibrinogen and plasminogen-plasmin 
system. . 

The first change noted was the decline in fibrinogen concentration. This 
partial change occurred immediately after induction of the anaphylaxis. The 
average decline was found to be 44 per cent of the original fibrinogen concen- 
tration. This fall in fibrinogen was consistent in the experimental animals and’ 
absent in the control animals. 

The apparent decrease of the fibrinogen concentration can be explained by 
several different postulates. These postulates, however, have to take into ac- 
count the fact that the noted fibrinogen changes were prevented by pretreating 
the animals with E.A.C.A. which acts as a powerful inhibitor of plasminogen 
activation. The effect of several activators of plasminogen, like streptokinase,* 
urokinase,’ and human plasminogen activator® is. completely inhibited by the 
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compound E.A.C.A. This, then, supplied correlative indirect evidence suggest- 
ing that the fibrinogen decline was the result of the activation of the plasmino- 
gen-plasmin system, since the decline in fibrinogen level was prevented by 
pretreating the animals with E.A.C.A. 

Direct evidence for activation of the plasminogen-plasmin system was ob- 
tained by observing a decrease in plasminogen concentration and a rise in 
plasminogen activator activity. The plasminogen decline of 58 per cent from 
the original value was not present in the control animals. The plasminogen 
activator activity rose in inverse proportion to the decline in plasminogen. 

The interpretation of the above noted findings must include a conclusion 
that anaphylaxis activates the plasminogen-plasmin system. E.A.C.A. did not 
protect the animals against signs and symptoms of anaphylaxis. 

The lack of lysis on the heated fibrin plates indicates no demonstrable 
plasmin activity. Plasmin is known to be readily inactivated. Therefore 
absence of detectable free plasmin activity remains compatible with an acti- 
vation of the plasminogen plasmin system. Indeed, hyperplasminemia is 
probably only rarely noted in conditions of active fibrinolysis.*” 

In the past, several investigators have tried to demonstrate plasminogen 
activation during anaphylaxis. Rocha e Silva,?' in experiments on anaphylaxis, 
added protamine to neutralize the heparin released in dogs. Subsequently, 
however, Downie and Cliffton,® showed that protamine itself has marked plas- 
minogen activating properties. Because of this, the mechanism of plasminogen 
activator which Rocha e Silva observed remains unsolved. 

Subsequently, Ungar and Mist®* demonstrated in an in vitro system that 
antigen addition to guinea pig blood containing sufficient quantities of anti- 
bodies resulted in the activation of plasminogen. Several investigators,® *° 
however, were unable to confirm these findings. Similarly, the experiments pre- 
sented here are unable to demonstrate plasminogen activation in vitro. 

Rocha e Silva*' has postulated that the proteolytic mechanism releases hista- 
mine, serotonin, and bradykinin. In the present experiments, plasminogen 
activator activity is inhibited by pretreatment with E.A.C.A., yet anaphylaxis 
still occurs. Suggestively, proteolysis as represented by the plasminogen-plasmin 
system eannot be implicated in the causative mechanism of signs and symptoms 
of anaphylaxis. 

The activation of the plasminogen-plasmin system observed after anaphy- 
laxis is in marked contrast to the lack of such activation in the rabbit following 
the induction of shock from other causes such as adrenalin™* or endotoxin.™ 
This laboratory has been able to confirm the observation that endotoxin shock 
in rabbits does not activate the plasminogen-plasmin system. 

The ability of the rabbit to activate the plasminogen-plasmin system in re- 
sponse to anaphylaxis but not to other types of insult remains a paradox. Each 
type of shock produced may have a particular end-organ response, i.e., lungs in 
anaphylaxis, kidneys in endotoxin, and intestines in hemorrhagic shock. Per- 
haps the plasminogen activator activity of these organs may be sufficiently dif- 
ferent to explain the above apparent discrepancies. Further investigation along 
these lines is in progress. 
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The correlation between mouse virulence and the 


phage type, antibiotic sensitivity, or source of 


Staphylococcus aureus 





JAMES B. GROGAN, M.S., and CURTIS P. ARTZ, M.D., F.A.C.S. 
Jackson, Miss. 


Studies were carried out on strains of staphylococci to determine if differences in viru- 
lence could be detected which correlated with the phage type, antibiotic sensitivity, or 
the source of the infecting organism. By the methods employed, no difference in 
virulence between the strains could be detected. 


B ecause the recent literature contains many reports incriminating Staphy- 
lococcus aureus of phage type 80/81 as the cause of numerous epidemics of 
staphylococeal infections throughout the country,'* it has been postulated that 
this strain is more virulent than other staphylococci. 

Amsterdam and Schneierson® could find no direct relationships between 
penicillin susceptibility and virulence of Staphylococcus aureus, but they made 
no reference to the phage type or source of the strain tested. 

This study was made to determine if differences in mouse virulence could 
be detected between strains of Staphylococcus aureus which correlated with the 
phage type, antibiotic sensitivity, or source of the infecting strain. 


Materials and methods 


All strains of staphylococci used in this study were isolated from clinical sources in the 
hospital. Sensitivity to the following antibiotics was determined by the disk method, using 
high concentration disks only: penicillin, tetracycline, dihydrostreptomycin, bacitracin, novo- 
biocin, erythromycin, and chloramphenicol. Phage typing was done according to the pro- 
cedure of Blair and Carré with the phage being applied with a multiple-typing apparatus 
designed in this laboratory. 
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Virulence was determined by kidney infection studies and LD, determinations. For 
the kidney studies, 0.05 ml. of an 18 to 24 hour Trypticase* soy broth culture was injected 
into a tail vein of white, albino mice which weighed approximately 20 Gm. The mice were 
checked daily, and deaths, if any, were recorded. Those remaining alive for 7 days were 
sacrificed, and the kidneys were removed aseptically. The gross appearance of the kidneys, 
as described by Smith and Dubos,7 was used to determine whether or not infection was 
present. Regardless of the appearance of the animals’ kidneys, each pair was placed in 
a Potter-Elvejhem homogenizer. The procedure deseribed by Smith and Dubos? was fol- 
lowed through the remaining part of the experiment. Tenfold dilutions of each homogenate 
were plated and counted. In all cases where the gross appearance of the kidneys seemed 
normal, no organisms were found on the plates. 

For the LD, studies, a similar culture was injected intraperitoneally into mice along 
with 5 per cent gastric mucin.t The LD, was calculated by the method of Reed and Muench,§ 
using 48 hour survival times as the end point. 


Table I. Correlation between mouse kidney infectivity and the souree of the 
staphyloecoceal strain 








Source of Average No. organisms Per cent 
organism per kidney pair deaths 
Wounds a0 x 167 2] 
Pneumonia 2.9 x 107 0 
Septicemia 2.9 x 107 25 


Carriers 


Nose 2.2 x 107 22 
Throat 1.6 x 107 27 





Table II. Correlation between phage type and mouse kidney infectivity 








Average No. organisms | Per cent 

Phage type per kidney pair | deaths 
80/81 2.4 x 107 13 
Others 3.1 x 107 26 





Results 


Kidney infection studies. Table I shows the correlation between the source 
of staphylococci and mean numbers of organisms cultured from the kidneys of 
the mice, and the deaths due to these strains. The data show that the kidneys 
were infected to approximately the same extent. Death-oceurred in some of the 
mice after the injection of staphylococci from 3 of the 5 sources, but no real 
trend was established. 

The results of the correlation between the virulence of phage type 80/81 
strains of staphylococci and other phage types are shown in Table II. The data 
again show that there is no apparent difference between the mouse virulence otf 
80/81 strains and the other phage types studied. 


*Trypticase obtained from Baltimore Biological Laboratory, Md. 
+Gastric mucin obtained from The Wilson Laboratories, Chicago, IIl. 
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Table IV. Summary of LDs5»9 studies in mice using various strains 
of staphylococci 








Phage type | Resistance patterns | Source No. LD; organisms 
Negative P. Te. BE. C, = Urine 1.8 x 106 
Negative Sensitive Boil 4.7 x 105 
42E/75 P. Te, DS, C Wound 3.1 x 106 
80/81 r. Te, DS, C, = Autopsy 1.3 x 106 
80/81 P. Te, DS, C, E Wound 2.5 x 106 
80/81 P, Te Carrier (throat ) 8.6 x 105 
7/29/47/47C/77 Sensitive Wound 2.9 x 105 
6/29/42E/47/54 Sensitive Wound 4.3 x 105 





*P, penicillin; Te, tetracycline; DS, dihydrostreptomycin; C, chloramphenicol; E, eryth- 
romycin. 


Table III shows a summary of all strains studied. Obviously, no difference 
in virulence was detected by this method on these strains of staphylococci re- 
gardless of the source, phage type, or their sensitivity patterns. 

LD,, studies. Table IV summarizes the data collected by determining the 
LD5o of 8 strains of staphylococci isolated in this hospital. Again, no significant 
difference in virulence was detected. Even though there were slight differences 
in the number of organisms causing an LD; , no consistency is noted according 
to the source, phage type, or sensitivity pattern. 

Invasiwveness study. Sinee the 80/81 strain causes a large percentage of 
the infection in hospitals,’* it was thought that this strain might possess the 
ability to invade the host and establish an infection more readily than other 
strains, thus preventing the strains of less common phage types from establish- 
ing a lesion in the kidney. 

Five hundredths milliliter of a washed suspension containing an equal 
number of organisms of 2 different strains of staphylococci was injected into a 
tail vein of 2 groups consisting of 10 mice each. In the first experiment, one 
strain was an 80/81 phage type and the other a type 53/77/83. Both strains 
were isolated from a patient with septicemia. The other experiment was con- 
ducted using strains of the same phage patterns but from different sources. 
After 7 days, kidney counts were made as described earlier in this paper. A 
plate which contained at least 15 colonies was chosen at random from each 
kidney dilution. Each colony was subjected to phage-typing procedures. The 
results show that both strains were present to the same degree on the plates, 
indicating that the kidneys were infected with both organisms to approximately 
the same extent. (Table IV.) 


Table V. Phage typing results of staphylococcal strains isolated from infected 
mouse kidneys after simultaneous intravenous injections of 2 different phage 
types 











Average No. Average No. phage Average No. phage 
Group No. colonies/ plate type 80/81 type 53/77/83 
I 18 9 9 


II 15 6 9 
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Discussion 


Studying the difference in virulence between coagulase-positive and coagu- 
lase-negative strains of staphylococci by intravenous injections into mice, Smith 
and Dubos’? found that the coagulase-positive strains survived within the kid- 
neys for 7 days, but the coagulase-negative strains were greatly diminished. 
Although they did not imply that degrees of virulence could be detected in this 
way, it was thought that this method might serve to clarify the controversy about 
whether or not there are degrees of virulence between the strains of staphylo- 
cocci commonly found in hospital patients and personnel. 

Kidney infection experiments carried out in this laboratory failed to show 
any difference in mouse virulence between strains of staphylococci that corre- 
lated with their source, phage type, or antibiotic sensitivity patterns. This was 
also true with the LD5, studies. 

The finding that 2 strains of staphylococci of different phage types infected 
the kidneys of mice to the same extent agrees with the work of Gorrill.° Studies 
were not carried out, as his were, to determine the number of foci of infection 
because we were interested only in discovering if the phage type 80/81 strains 
had such invasive characteristics that they could invade the host and outgrow 
the other strains, thus eliminating them from the host. It was found that this 
was not the case; both strains were recovered in approximately the same num- 
bers from each pair of infected kidneys. Sinee this is the case, it would seem 
that there should be more mixed-wound infections found, especially those that 
have been attributed to environmental conditions. It should be mentioned that 
this experimental approach to the problem may be in favor of the invading 
organism, since both organisms were introduced directly into the blood stream. 
Thus they escaped a most important host barrier, the skin. Work on this prob- 
lem is being continued in our laboratory. 
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Relation between quantitative nasal cultures and 


dissemination of staphylococci 


ARTHUR WHITE, M.D.* Louisville, Ky. 


Quantitative nasal cultures, skin cultures, and air samples using slit-samplers have been 
made on 250 hospitalized patients. Only 4 per cent of skin cultures from patients who 
were not nasal carriers of staphylococci and 5 per cent of skin cultures from patients 
who were nasal carriers of less than 100,000 colonies per culture contained coagulase- 
positive staphylococci. However, 44 per cent of cultures of the skin of patients who were 
nasal carriers of more than 100,000 colonies contained staphylococci. Aerial dissemina- 
tion of staphylococci during activity was also greater in patients who were nasal carriers 
of large numbers of bacteria. Over 20 colonies per cubic foot of air could be recovered 
from 35 per cent of air samples around patients who were carriers of over 100,000 
colonies per culture but from only 8 per cent of air samples from patients who were 
either noncarriers or carriers of less than 100,000 colonies. Carriers of small numbers 
of staphylococci appear to be no greater hazard in the dissemination of staphylococci 
than are patients who are not nasal carriers. 


L. several studies’ * a correlation between nasal carriers of staphylococci 
and staphylococcal infections has been described. Patients who were nasal 
carriers acquired postoperative infections and other types of staphylococcal 
disease more frequently than patients who were not nasal earriers. Also, a 
higher incidence of staphylococeal infections has been reported in the families 
of infants who were nasal carriers and who disseminated staphylococci in large 
numbers than has been reported in the families of infants who were also nasal 
carriers but who disseminated staphylococci poorly. 

The increased dissemination of staphylococci by infants who were nasal 
carriers was associated with concomitant viral infections. Therefore, it was 
postulated that viral infections might increase the number of staphylococci 
available for dissemination, increase mucous production and greater dissemina- 
tion, or alter surface tensions and viscosity of the nasopharynx so that the same 
number of staphylococci might be disseminated more readily. 
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In previous studies of quantitative nasal cultures for staphylococci among 
hospitalized patients, it was found that staphylococci could be isolated more 
frequently but not in larger numbers from the clothing of nasal carriers of large 
numbers of staphylococci as compared to either carriers of smaller numbers of 
organisms or to nonearriers.* Cultures of clothing were made by sweeping open 
Petri dishes over the patients’ gowns, a relatively insensitive method for quanti- 
tating bacterial contamination. These studies have been continued using more 
accurate methods for measuring aerial dissemination; again, staphylococci could 
usually be isolated more frequently from the environment of heavy nasal car- 
riers and, in addition, larger numbers of staphylococci were present more fre- 
quently in positive air samples collected around heavy carriers than in air 
samples collected around light carriers or nonearriers. 


Methods 


The methods of collecting and enumerating quantitative nasal cultures and phage typing 
of staphylococci were those described previously.5 All staphylococci were coagulase-positive. 

Air samples were collected near the beds of patients on the wards of the Louisville 
General Hospital using slit-samplers® at the rate of 1 cubic foot of air per minute. Only 
samples from patients without overt staphylococcal infections were included. Since we were 
attempting to observe conditions as generally present on the ward, no attempts were made to 
either increase or decrease activity during the period of sampling, but one sample from each 
patient was made while the patient was resting quietly in bed and one sampling from each 
patient was made while the sheets were shaken lightly for 15 seconds during the collection 
period. 

Skin cultures were made by swabbing an area 3 by 1 inches on the forearm with a cotton 
swab moistened with heart infusion broth. The swab was then placed in a culture tube with 
3 ml. of heart infusion broth and shaken for 5 minutes in a Kahn shaker. The broth was 
then enumerated for staphylococci as reported for nasal cultures. 


Results 

Coagulase-positive staphylococci were present in 4 per cent of skin cultures 
from patients who were not nasal carriers of staphylococci and in 5 per cent of 
skin cultures from patients who were carriers of less than 100,000 colonies per 
swab (Table 1). However, staphylococci could be isolated from 44 per cent of 


Table I. Correlation between quantity of staphylococci in the nose and 
the frequency of staphylococci on the skin 
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staphylococci No. patients No. % 

0 139 6 4 
101-102 2 0 0 
102-103 13 1 8 : 
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Table II. Correlation between numbers of staphylococci in the nose and 
in the air while patients were resting 

















| | Positive air > 5 colonies/ > 10 colonies/ 
or sample cubic foot cubic foot 
No. ‘ ; band Acca 
staphylococci No. patients | No. | Te No. | & | No. X 
0 112 13 12 5 + 2 2 
101-102 1 1 100 0 0 0 0 
102-103 9 0 0 0 0 0 0 
103-104 10 4 40 2 20 0 0 
104-105 16 2 13 2 13 2 13 
105-106 16 4 25 3 19 2 13 
> 106 23 5) 22 3 13 2 9 
Total 187 “29 16 15 8 S 4 





skin cultures from patients who were nasal earriers of more than 100,000 
colonies per swab. Seventy-five per cent of staphylococci isolated from the skin 
of nasal carriers were the same phage type as those isolated from the nose. 

Air samples were collected near 187 patients while they were resting quietly — 
in bed (Table Il). There were only slight differences in the frequency with 
which staphylococci could be isolated from the air around patients who were 
not nasal earriers than from that around either light or heavy nasal carriers. 
However, large numbers of staphylococci were present more frequently in air 
samples from patients who were nasal carriers of over 100,000 colonies per swab 
than in air samples from either nonecarriers or carriers of less than 100,000 
colonies. Seventy per cent of staphylococci isolated from air samples around 
nasal carriers were the same phage type as those isolated from the nose. 

When the patients’ sheets were shaken lightly for 15 seconds during the 
collection period, staphylococci were present in air samples approximately twice 
as frequently as when the air samples were collected with the patients resting 
quietly (Table III). Furthermore, staphylococci were isolated both more fre- 
quently and in larger numbers from air samples around nasal carriers of more 


Table III. Correlation between numbers of staphylococci in the nose and 
in the air during activity 

















Positive air > 10 colonies/ > 20 colonies/ 
 — sample | cubic foot cubic foot 
staphylococci No. patients No. N% | No. % | No. N% 

0 120 25 21 18 15 10 8 
101-102 4 1 25 0 0 0 0 
102-103 12 3 25 2 17 2 17 
103-104 10 4 40 2 20 2 10 
104-105 11 5 45 2 18 0 0 
105-106 19 1] 58 8 42 6 32 
> 106 23 12 52 11 48 9 39 


Total 199 61 31 43 22 28 14 
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than 100,000 colonies per swab than from air samples around either noncarriers 
or carriers of less than 100,000 organisms per swab. Thus, more than 20 
staphylococeal colonies per cubie foot of air were present in 36 per cent of air 
samples around nasal earriers of more than 100,000 colonies, but only 8 per 
cent of air samples around either nasal carriers of less than 100,000 colonies 
or nonearriers contained this many staphylococci. 

Twenty-eight strains of staphylococci from samples of air around nasal 
carriers were the same phage type as staphylococci isolated from the nose. The 
remaining 8 strains from air samples around earriers and the 25 staphylococei 
in the air around nonearriers were presumably derived from sources other than 
the nose of the patient. 


Discussion 

The role of the many possible sources of staphylococci on the occurrence of 
staphylococeal infections is not completely established. The largest reservoir 
of staphylococci, however, appears to be in the nose of patients and personnel, 
and a number of investigators believe that this is the major source of infections.’ 

Among patients who are nasal carriers there is a wide range of the number 
of staphylococci which can be recovered from the nose. In this study the num- 
ber of staphylococei isolated varied from less than 100 to more than one million 
colonies per culture. Staphylococci could be recovered infrequently from the 
skin of nasal carriers of small numbers of these organisms but could be recovered 
from the skin of almost half of the nasal carriers of more than 100,000 staphylo- 
cocci per swab. Also, air samples around patients who were heavy nasal carriers 
contained large numbers of staphylococci more frequently than air samples col- 
lected around light carriers or nonearriers. 

The incidence of staphylococcal infections depends not only on the avail- 
ability of staphylococci but also on the resistance of the patient to infection. 
However, other factors being equal, staphylococcal infections might be expected 
to be more frequent in an environment in which large numbers of staphylococci 
are present. If the patient population contained a large proportion of heavy 
nasal carriers of staphylococci, greater aerial dissemination of these organisms 
would be expected. 

It remains to be proved, however, that nasal carriers of large numbers of 
staphylococci are a greater hazard to the carrier or to other patients in initiating 
infections than are nasal carriers of smaller numbers of staphylococci. 
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Protein fractionation. Ill. Chromatographic 


characterization of human erythrocyte cold agglutinins 


MORTON D. PRAGER, PH.D., and INA CLAIRE ATKINS, B.S. 
Dallas, Texas 


Sera of patients with cold agglutinins have been examined chromatographically on 
columns of diethylaminoethyl cellulose and of hydroxylapatite. With both adsorbents, 
agglutinating activity was eluted in a single region of the chromatogram which, because 
of previous characterization of cold agglutinins in other laboratories, precisely locates 
the 198 y-globulins in the chromatogram. Ultracentrifugal characterization of chromato- 
graphic fractions shows correlation of cold agglutinin activity with the appearance of 
198 y-globulin in the effluent. Analysis of chromatographic fractions by ultracentrifuga- 
tion reveals multiple components, many of which are not resolvable as separate ultra- 
centrifugal entitics in intact serwm. One may conclude that they have been separated on 
the chromatographic column. 


L, recent years investigations in a number of laboratories have been con- 
cerned with the nature and properties of human erythrocyte cold agglutinins, 
antibody-like molecules arising by what appears to be an autoimmunization 
process. Gordon' prepared cold hemagglutinins by adsorption and elution from 
erythrocyte stroma and then characterized his purified material as y-globulin 
with a sedimentation constant of 18S. Weber? also studied cold agglutinins from 
the sera of 5 patients and found them to have high sedimentation rates (18S). 
In characterizing the agglutinins of patients with acquired hemolytic anemia, 
Fudenberg and Kunkel® again point out that cold agglutinins are 19S proteins, 
and while they noted some variation in electrophoretic mobility, the majority 
were fast y-globulins. In contrast, the warm antibody associated with this con- 
dition in 3 other sera was 7S protein. Christenson and associates,* by cellulose 
column electrophoresis, also characterized cold hemagglutinins as fast (y.-) 
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y-globulin. With this general agreement concerning the physicochemical nature 
of the cold hemagglutinins, it seemed that several purposes might be served by 
chromatographic study of them. First, there is obvious value in adding chromato- 
graphie characterization of cold agglutinins to previously described electro- 
phoretie and ultracentrifugal characterization. Second, because of the sensitivity 
of hemagglutination tests, it was hoped that the cold agglutinins would serve 
as a marker for the 19S y-globulins, permitting detection at concentrations con- 
siderably below those feasible by ultracentrifugation. This in itself is important 
in giving increased information about protein chromatography, a process re- 
ceiving ever wider application to problems of protein purification, and which 
was recently reviewed by Peterson and Sober.’ While most of the studies in this 
report were performed with diethylaminoethyl-cellulose (DEAE) as an ad- 
sorbent, a few experiments were also conducted with the hydroxylapatite (cal- 
cium phosphate) of Tiselius and colleagues.® 


Materials and methods 


Pertinent patient history. The sera of 2 patients with human erythrocyte cold agglutinins 
but rather dissimilar clinical histories have been examined in this study. Patient R. K. was 
a congenitally deaf 35-year-old white man who, for about 3 years prior to being seen in this, 
clinic, had noticed hematuria and facial discoloration after exposure to cold. A diagnosis of 
cold paroxysmal hemoglobinuria with cold agglutinins has been suggested. Patient A. N. 
was a 46-year-old white man first seen in the Wadley Clinic in December, 1956, for a severe 
hemolytic anemia. His case had elsewhere been diagnosed as one of Hodgkin’s disease. He 
underwent splenectomy in January, 1957, and examination of the spleen at that time revealed 
no sign of malignant lymphoma. He has continued to be anemic and to have demonstrable 
cold agglutinins in the serum. Neither of these patients had received blood transfusions for 
a number of months prior to the time of study. 

Preparation and evaluation of chromatograms. The methods used in these studies are 
for the most part the same as those previously described?, 8 and will be repeated here only 
briefly. Most of the chromatograms were developed on DEAE-cellulose packed to a height 
of 25 to 30 cm. in columns of 19 to 22 mm. inside diameter. Development was by gradient 
elution, with each buffer being added from a 500 ml. dropping funnel to a 500 ml. Wolff 
bottle which served as mixing chamber. All connections were airtight. Identical buffers used 
with each column for protein elution were of the following composition: constant glycine, 
0.015 M; in the following sequence the molarity of sodium phosphate and pH are given, 
respectively: I, no phosphate, 9.0; II, 0.02, 8.5; III, 0.04, 8.0; IV, 0.06, 7.5; V, 0.08, 7.0; 
VI, 0.10, 6.5; VII, 0.30, 6.0; VIII, 0.50, 5.5; IX, 1.00, 4.5. Chromatograms obtained using 
hydroxylapatite as adsorbent were with columns 9 to 12 mm. inside diameter packed to a 
height of about 10 cm. Gradient elution was again utilized, but with a mixing chamber of 
only 250 ml. capacity. Buffers of the following composition were used for development: 
constant NaCl, 0.2 M; in the following sequence the molarity of sodium phosphate and pH 
are given, respectively: I, 0.005, 6.8; II, 0.06, 7.0; ILI, 0.13, 7.0; IV, 0.20, 7.0; V, 0.30, 6.0; 
VI, 0.50, 5.0.9 Several chromatograms were developed with a precipitate prepared from 
serum R. K. by adding to it at 4° C. an equal volume of saturated ammonium sulfate. All 
of the chromatography was performed at 4° C. 

Absorbency measurements were made with a Beckman DU spectrophotometer at 280 mu. 
Electrophoresis and ultracentrifugation were performed on samples prepared by combining 
fractions, as indicated by capital letters, in the chromatograms. They were dialyzed against 
distilled water, freeze-dried, and redissolved in a minimal volume of 0.9 per cent NaCl. 
Electrophoresis was performed on paper with Spinco Model R, with the Analytrol used for 


densitometric analysis. The majority of the patterns were obtained in Veronal buffer, pH 
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8.6, w equaling 0.075; some determinations, however, were performed in the TRIS buffer of 
Aronsson and Gronwall.1° With the TRIS buffer, patterns were also obtained with the 
Model R and S and S 2043A gl paper at a constant voltage of 87 volts, 25° C., 17 hours. 
Ultracentrifugation was conducted in the Spineo Model E with analytical rotor A. The tab- 
ulated S values are uneorrected for the variations in protein concentration. To determine 
the proportions of the various sedimenting components, the Schlieren patterns were projected 
by means of a photographic enlarger and traced onto graph paper; then planimetry was 
performed with the Analytrol. Protein was determined by the Folin method as described by 
Lowry and colleagues.11 Serologic studies were by tube tests with saline suspended group O, 
Rh-negative erythrocytes or red cells suspended in saline after papain treatment.1 


Results 

Sera R. K. and A. N. were selected because of their high titers of cold 
agglutinins. Titration data, along with electrophoretic and ultracentrifugal 
characterization of the proteins of these sera, are summarized in Table I. The 
findings for Serum A. N. are essentially normal, but for Serum R. K. there is 
a significant rise in the serum macroglobulins (normally about 4 per cent) and 
an alteration of the alpha, and beta globulin components. 

Figs. 1 and 2 show whole serum chromatograms for Sera A. N. and R. K. on 
DEAE-cellulose. It is to be noted that for both sera the cold agglutinin activity 
appears in a single chromatographic region and that peak activity is found 
following addition of buffer VII. This portion of the chromatogram is complex 
electrophoretieally, exhibiting not only small amounts ef gamma globulin, con- 
sistent with the presence of cold agglutinins, but also other globulins, and, in 
some instances, small amounts of albumin. In Table II are presented the electro- 
phoretie and ultracentrifugal characterizations of the combined fractions from 
the chromatogram of Fig. 1. These electrophoretic patterns, obtained in TRIS 
buffer, are somewhat better resolved than those usually observed for chromato- 
graphic fractions performed in Veronal. The various electrophoretic groups from 
the column emerge in the same order as previously has been noted.* ** '* Gamma 
globulins emerge first, then beta globulins, albumin, and finally, alpha globulins. 


Table I. Serum protein characterization 





Determination Serum R.K. Serum A.N. 





Serologic titer 


37° 1:8 Re3 
25° 1:4 1:2 
4° 1:8,000 1:4,000 
Llectrophorcsis % Protein % Protein 
Albumin 57.9 54.5 
Alpha, globulin 5.6 5.7 
Alpha, globulin 5.6 8.0 
seta globulin 15.0 12.5 
Gamma globulin 15.9 19.3 
Ultracentrifugation Sao Y% Protein Sao Y% Protein 
15.5 9.4 15.6 2.5 
5.8 20.6 6.1 13.3 


70.0 84.2 
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Fig. 1. DEAE-cellulose chromatogram of 10 ml. Serum A. N. Flow rate: somewhat variable 


but averaging 20 ml. per hour; recovery: 87 per cent. 
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Fig. 2. DEAE-cellulose chromatogram of 8.5 ml. Serum R. K. Flow rate: 22 ml. per hour; 
recovery: 98 per cent. 


The hump seen at the point of application is indicative of protein denaturation 
occurring as a result of the concentration process. To facilitate comparison of 
mobilities of peaks in the fractions with those in whole serum, electrophoretic 
patterns, which were obtained simultaneously, are placed with the origins along 
a common vertical line. That there are components with mobilities different from 
those of the whole serum protein groups is evident. An additional common 
finding is the variation in mobility of albumin in fractions F through I and, 
similarly, in that of y-globulin in fractions B through E. For fractions with 
complex patterns, the percentage of the protein (albumin) in the main peak 
has been indicated. The ultracentrifugal characterization of the combined frae- 
tions is seen to be complex, with sedimenting components not apparent in the 
original serum being observed. Of particular significance to this report is the 
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occurrence of the most rapidly sedimenting component in fraction J, the frae- 
tion which also contains the peak cold agglutinin activity. A similar correlation 
was observed for Serum R. K. 

When the ammonium sulfate precipitated protein from Serum R. K. was 
placed on a DEAE column, the chromatogram of Fig. 3 was obtained. The 
albumin, which accounted for 25 per cent of the precipitate, emerged in its 
usual place (@ and H); compared to the corresponding peak in Fig. 2 (E and 
F), this peak is reduced in size. In Fig. 3, A and B are gamma,, C is gammay, 


Table II. Characterization of combined fractions of 
DEAE-cellulose chromatogram of Serum A. N., 
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® Per cent of protein in main albumin peak. 
» Detected at 10 x indicated concentration. 
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Fig. 3. DEAE-cellulose chromatogram of the protein precipitated by half-saturated am- 
monium sulfate from 7.5 ml. Serum R. K. Flow rate: 15 ml. per hour; recovery: 82 per cent. 
The shaded area represents cold agglutinin activity; the vertical lines rising from it give 
titers of individual fractions. 


D is gamma, with the beginning of the beta peak, and E and F are both beta 
globulin. Cold agglutinin activity again is seen to be confined to a single 
chromatographic region, appearing after introduction of buffer VII. While 
ultracentrifugation was performed on each combined fraction, it is sufficient 
for present purposes to point out that combined fraction K, in which peak cold 
agglutinin activity appeared, contained the typical serum macroglobulin (35 
per cent 18.1S) and lower molecular weight globulin (50 per cent 6.38) but, 
in addition, a 26S component, comprising the remaining 15 per cent. Electro- 
phoretiecally, this fraction was 74 per cent beta and 26 per cent gamma globulin. 

Several chromatograms were developed on hydroxylapatite; the one for whole 
Serum A. N. is shown in Fig. 4. Some unadsorbed material containing a small 
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Fig. 4. Hydroxylapatite chromatogram of 5 ml. Serum A. N. Flow rate: 5 ml. per hour. 
Recovery: 71 per cent. The shaded area represents cold agglutinin activity; the vertical lines 
rising from it give titers of individual fractions. 
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‘ amount of cold agglutinin appeared early in the chromatogram, but the bulk 
of the activity is eluted following addition of buffers IV and V. The same ob- 
servation was made when the precipitate from Serum R. K. was similarly 
chromatographed. In Table III are recorded the electrophoretic and ultracen- 
trifugal characterizations of the combined fractions from the hydroxylapatite 
column (Fig. 4). Following the unadsorbed material, a number of fractions 
(C through G) are principally albumin. The difference between the 100 per cent 
observed ultracentrifugally and the somewhat smaller percentages found electro- 


Table 111, Characterization of combined fractions of 
hvdroxvlapatite chromatogram of Serum A. N. 





COMBINED| ELECTROPHORETIC ULTRACENTRIFUGAL 
FRACTION | CHARACTERIZATION CHARACTERIZATION 


PROTEIN| _S %_| 




















C.J 15.6 | 2.5 
— (mgezmly 6 ae | 
TO 3.7 184.2 
14.8 | 1.9 
A 17.3 5.8 | 21.2 
3.6 |77.0 
5.7 | 5.2 
. : o7y, 4 44 3.9 | 94.8 





4.7 3.7 100 





im) 
aa 























D te 10.1 3.8 hoo 
E d... 13.6 3.4 {100 
an 6.8 | 4.1 f100 
Ele 3.6 3.9 Noo 

' 18.4 112.9 

we Sa 2.1 4.8 87.1 

} 17.3 118.6 

on, ne 2.0 5.6 | 81.4 
16.1 118.5 
sie 1.6 6.2 |63.2 

4.3 118.3 

a da a} > aie 

















® Per cent of protein in main albumin peak. 
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phoretically may be accounted for in part by the tendency of albumin to tail 
on paper. The remaining fractions are primarily globulins, and contain cold 
agglutinin, again in association with appearance of macroglobulins. 

Specific cold agglutinin activity was ecaleulated for individual chromato- 
oraphie fractions by determination of the ratio of titer to protein concentration 
determined by optical density measurement. Increases in specific activity, over 
that for the column charge, of 16 and 35 fold were observed for peak fractions 
of Serum A. N. from the DEAE and hydroxylapatite chromatograms, respec- 
tively. For Serum R. K. only a twofold increase was observed for the whole 
serum chromatogram, while activity was increased 7 times when the precipitate 
from this serum was chromatographed. With papain-treated red cells the titers 
with Serum R. K. or fractions derived from it were increased by about 4 tubes. 
The combined fractions of each chromatogram were examined for cold agglutinin 
activity; despite the increased concentration, none was observed in any addi- 
tional region of the chromatogram. When papain-treated cells were used, the 
leading and tailing edges of the cold agglutinin band were somewhat lengthened, 
however. 


Discussion 


The chromatography of cold agglutinin containing sera on 2 quite different 





types of adsorbents—DE AKE-cellulose and hydroxylapatite—has in each instance 
vielded active material in a single region of the chromatogram. This homogeneity 
is in contradistinction to the highly heterogeneous distribution of anti-A and 


Ss 


anti-D reported previously from this laboratory’ * and in articles by Abelson 
and Rawson.’ '®© The pathologie process leading to formation of cold agglu- 
tinins also stands in contrast to the process of blood group antibody production 
by what must be considered normal physiologic mechanisms. In the DEAE 
chromatograms the cold agglutinins appear after introduction of buffer VII, 
even when the protein milieu is altered, as it is in the chromatogram of the 
globulin precipitate from Serum R. K. (Fig. 3). Buffer of the same composition 
has consistently produced a peak activity for saline agglutinating anti-A and 
anti-B,° from which one may infer that this activity is associated with high 
molecular weight y-globulin. . 

Studies from a number of sources (loc. cit.) indicate that cold agglutinins 
are 19S gamma globulins. As a result, one may assign the 19S gamma globulins 
to the chromatographic region for each adsorbent characterized by appearance 
of cold agglutinin activity. Confirmation is found in the presence of rapidly 
sedimenting components in fractions containing cold agglutinins. With the sedi- 
mentation constants clustering around 7 for the gamma globulins of the early 
chromatographie fractions (combined fractions A through C, Table II), one 
may conclude that they have been separated on DEAE columns from the late 
appearing 19S gamma globulins. This chromatographic separation of 7S and 
19S gamma globulins has also been recently shown by Fahey and Horbett'’ and 
by Lospalluto and associates." 
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When intact serum is subjected to ultracentrifugation, it is customary to de- 
scribe the 3 sedimenting components that are observed as 48, 78, and 19S pro- 
teins. It should be recognized, however, that each of these is composed of pro- 
tein mixtures that simply are not resolved under the conditions of centrifuga- 
tion. The uitracentrifugal data of Table II clearly show sedimenting components 
that are not observed during centrifugation of intact serum and point to the 
conclusion that they have been resolved on the column. Because sedimentation 
values are uncorrected, small differences cannot be weighed too heavily, and 
reported S values are lower than the true sedimentation constants. However, 
when several sedimenting components are indicated for a single chromato- 
graphie fraction, they represent definitely resolved peaks. The complexity of 
these data is reminiscent of those presented by Wallenius and associates’? in 
their ultracentrifugal characterization of serum fractions obtained by prepara- 
tive electrophoresis. Even such a minor component as the 12S protein reported 
by these workers is in evidence as a minor contaminant of the albumin in frac- 
tions F and G (Table IL). Furthermore, a 26S protein corresponding to their 
28S gamma globulin was detected in combined fraction K of the serum R. K. 
precipitate (Fig. 3). A more detailed analysis of ultracentrifugal characteriza- 
tion of DEAE chromatographic fractions for a variety of sera will be pre- 
sented elsewhere. 

The ultracentrifugal data from the hydroxylapatite column (Table III) are 
considerably simpler than from DEAE columns. Of interest are fractions C 
through G, which are homogeneous ultracentrifugally. Electrophoretically, the 
protein is primarily albumin, but with quantities varying from 65 to greater 
than 95 per cent in the main peak. This variation reflects in part the well reeog- 
nized tendeney of albumin to tail on paper. It may be noted that the pereentage 
of the protein appearing in the tail decreases as the protein concentration 
increases. 


The interest of Dr. J. M. Hill and Ellen Loeb and their cooperation in making available 
patients for this study are gratefully acknowledged. 
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Regulation of arachidonic acid metabolism 


by a pancreatic factor 


RAYMOND CAREN, M.D., F.A.C.P., and LUCILLE CORBO 
Los Angeles, Calif. 


Previous work has suggested an endocrine control of lipid metabolism by the pancreatic 
alpha cells. A study of the effect of alpha cells on the individual plasma fatty acids by 
gas-liquid chromatography was undertaken. The plasma fatty acid spectra of depan- 
creatized and pancreatic duct-ligated dogs were compared before and during feeding 
of potent pancreatic enzymes. Depancreatized dogs maintained with insulin and choline 
showed a highly significant depression of the relative proportion of arachidonic acid. 
The total plasma fatty acid level fell concomittantly with arachidonic acid, but the rela- 
tive proportions of the other fatty acids remained unchanged. Feeding potent pan- 
creatic enzyme preparations elevated the total plasma fatty acids to normal or above, 
but the arachidonic acid ratio remained depressed. The relative proportions of th¢ 
other individual fatty acids were unchanged. The “arachidonic acid factor” was absent 


from such pancreatic preparations as whole gland concentrate and purified lipase. 


Results similar to the above were obtained in pancreatic duct-ligated dogs receiving 
choline. This eliminates the pancreatic alpha cells as the source of the “arachidonic acid 
factor,” and places it in the external secretion. The inability of exogenous enzymes to 
restore the arachidonic acid proportion to normal indicates continued absence of an en- 


dogenous source of this fatty acid. 


This study demonstrates the presence of a factor in canine external pancreatic secretion 


that influences the metabolism of arachidonic acid. 


a work from this laboratory has suggested an endocrine control 
of lipid metabolism by the pancreatic alpha cells.":* Therefore, a study of 
the effect of the alpha cells on the individual plasma fatty acids was under- 
taken. This approach was made possible by the introduction of gas-liquid 
chromatography, which permits qualitative and quantitative analysis of in- 
dividual plasma fatty acids using microquantities of material. 
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This study compares the plasma fatty acid spectra of depancreatized and 
pancreatic duct—ligated dogs. The depanecreatized animals were maintained 
with insulin. Both groups received pancreatic enzymes and choline chloride. 
It was reasoned this experimental design would demonstrate any effect or 
effects the pancreatic alpha eells might exert on individual plasma fatty 
acids, since alpha cells were present in the duet-ligated animals but absent 
in the depanecreatized group. 


Materials and methods 


Healthy, male mongrel dogs were kept in the kennel for at least 1 week prior to use. 
They were fed a constant diet of 1 can of horse meat and 1 of dry meal daily. A mini- 
mum of 3 control experiments was performed on each animal. Following an overnight 
fast, blood was drawn from a limb vein; heparinized syringes were used for determination 
of the plasma fatty acid spectrum by gas-liquid chromatography. The total fatty acid 
level was also determined. After base line studies were established, 4 animals were 
depancreatized. Pancreatic duct ligations were performed on a second group of 4 dogs. 

Pancreatectomies were performed on Dogs Nos. 1, 2, 3, and 4 with utmost care to 
insure complete removal of all pancreatic tissue. The animals were kept in metabolism 
cages for 1 week, and received 2 ml. of Combiotic (penicillin-streptomycin*), 15 to 20 
units of NPH insulin, the preoperative food ration, and 500 mg. choline chloride daily. 
The antibiotic was discontinued after the first week, but the remainder of the routine was’ 
maintained until the animals were sacrificed. Sutures were removed in 14 days. The dogs 
were kept acetone-free, but no attempt was made to achieve aglycosuria. Approximately 
2 months later, the above regimen was supplemented with a daily oral dose of 5 Gm, of 
purified pancreatic lipaset and 2 tablets of whole pancreas concentrate (Viokase}{). Dog 
No. 1 received 15 Gm. of purified pancreatic lipase and 3 tablets of Viokase until the ninety- 
seventh postoperative day, and was then reduced to the above dosage. Dog No. 2 expired on 
the forty-eighth postoperative day and never received enzymes. Dogs Nos. 1, 3, and 4 were 
maintained until the end of the experiment. Postmortem examination was performed on all 
animals, 

Pancreatic duct ligations were performed on Dogs Nos. 5, 6, 7, and 8. Two ducts were 
ligated and transected in each animal. Great care was taken to ensure complete separation 
of the pancreas from the duodenum throughout its entire length. None of these animals 
developed diabetes mellitus. They were given 2 ml. of Combiotic daily during the first 
week, and sutures were removed in 14 days. Each dog received 500 mg. choline chloride and 
the same preoperative diet. Approximately 2 months after surgery, the diet was supple- 
mented with 5 Gm. of purified pancreatic lipase and 2 tablets of whole gland concentrate 
(Viokase). Dogs Nos. 5 and 6 were sacrificed on the sixty-eighth postoperative day, while 
Dogs Nos. 7 and 8 were maintained until the ninetieth day. Postmortem examination was 
performed on all animals. " 

The plasma fatty acids were prepared for gas-liquid chromatography in the following 
manner. Heparinized blood was centrifuged, then the plasma was removed and rapidly 
pipetted into a 4:1 solution of methylal-methanol. The flask was held under a hot water 
tap until the boiling point was reached, cooled to room temperature, and filtered through 
Whatman No. 1 filter paper. The precipitate was washed with an additional 5 ml. methylal- 
methanol solution, and the paper squeezed with a clean glass rod. The filtrate was concen- 
trated to approximately 2 ml. under nitrogen in a 55° C. water bath. The lipids were 
extracted with three 25 ml. portions of boiling petroleum ether. The petroleum ether was evapo- 
rated under nitrogen. Two milliliters of ether and 1 ml. of ethereal diazomethane 

*Pfizer Laboratories, New York, N. Y. 
+Assay—700 lipase units. Obtained from the Southern California Gland Company, Los 

Angeles, Calif. 
tViobin Corp., Monticello, Ill. 
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Table I. Effect of pancreatectomy on the plasma arachidonic acid level ex- 
pressed as the per cent of the total fatty acids (mean + S. E.) 





| | Postoperative 





No enzymes 








Control Period 1* | Period 2t Enzymes P values 
Dog No. 1 
Days 7 51 170 
Total fatty acids 
(mg. %) 126 157 109 295 
Arachidonic 
acid (%) 14.6+1.1 (3)¢ 13.8+4.8 (2) 2.6413 (3) 4.1+0.8 (13) <.001 
Dog No. 2 
Days 13 48 Died 
Total fatty acids 
(mg. %) 162 148 102 
Arachidonie 
acid (%) 12.9+1.0 (4) 13.1+0.7 (2) 3.8+0.8 (4) < .02 > .01 
Dog No. 3 
Days 14 70 150 
Total fatty acids 
(mg. %) 203 172 117 337 
Arachidonic 
acid (%) 8.4+0.9 (4) T9211 (4) 242067 (7) 1921.3 (4) <.001 
Dog No. 4 
Days 27 73 150 
Total fatty acids 
(mg. %) 180 170 92 333 
Arachidonic 
acid (%) 7.5+0.3 (4) 7.740.6(7) 138412(3) 1.4+0.9 (5) <.001 





*Before fall of arachidonic acid. 
+After fall of arachidonic acid. 
tNumber of determinations are expressed in parentheses. 


(2.7 per cent) were added. This methylated the unesterified fatty acids which were 
I } ; 


present. The excess ether and diazomethane were evaporated. The lipids were trans- 
methylated by the addition of 5 ml. of methanol and 0.6 ml, of 0.5 N sodium methoxide.5 
The solution was boiled for 2 minutes, cooled to room temperature, and 10 ml. of saturated 
potassium chloride was added. The methyl esters were extracted with four 10 ml. portions 
of petroleum ether, and stored under nitrogen at 5° C. until chromatographed. 

A Beckman GC-2 gas chromatography apparatus equipped with a thermal conductivity 
cell was used. Column conditions were as follows: 18 feet, one-fourth inch O.D. stain- 
less steel, packed with 42 to 60 mesh fire-brick coated with Resoflex*; 240° C. temperature; 
flow rate 140 ml. per minute of helium; filament current 320 Ma; chart speed one-half 
inch per minute. Identification of the fatty acids was accomplished by comparing the 
retention times with those of a known mixture of fatty acid esters. The area of each 
acid was calculated by the triangulation techniques, 7 and expressed as per cent of the 
total fatty acid spectrum of the plasma. 


*Cross-linked polyester of adipic acid and diethylene glycol succinate. Obtained from 
Cambridge Industries, Cambridge, Mass. 
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A separate 1 ml. aliquot of plasma was used for determination of the total plasma 
fatty acids. The method of Bauer and Hirsch’ was modified by methylating the unesteri- 
fied fatty acids prior to colorimetric determination. 


Results 


Table I shows the effect of pancreatectomy on the plasma arachidonic 
acid. The values are expressed as per cent (mean + S. E.), and are caleulated 
on the basis of the entire plasma fatty acid spectrum. Only arachidonic 
acid is shown, since there were no significant changes in any of the other 
fatty acids. The fatty acid spectrum extended from ecaproic to arachidonic 
acid. Fig. 1 is a representative control chromatogram showing the plasma 
fatty acid spectrum. 

The postoperative data are divided into 2 periods during which enzymes 
were withheld and fed. The enzyme-free period in turn is divided into the 
immediate postoperative period, during which the plasma arachidonic acid 
level remained normal (Period 1), and the interval during which it fell 
(Period 2). Following pancreatectomy, arachidonic acid remained normal 
for 1 to 2 weeks, and then fell. Period 1 persisted for 27 days in Dog No. 4. 
-ancreatic enzyme feeding was delayed for 48 to 73 days in order to observe: 
the effect of prolonged enzyme deprivation on the plasma fatty acid spectrum. 
The total plasma fatty acid level fell concomittantly with the relative pro- 
portion of arachidonic acid during Period 2. The relative proportions of 
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MINUTES 
Fig. 1. A representative gas-liquid chromatogram showing separation of fatty acid methyl 
esters prepared from normal dog plasma. C refers to the number of carbon atoms, and the 
superscript, to the number of double bonds in the molecule. C-204 identifies arachidonic 
acid (20 earbons and 4 double bonds). The other major components are: C-16, palmitate; 
C-161, palmitoleate; C-18, stearate; C-18/, oleate; C-182, linoleate; and C-18%, linolenate. 
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the other individual fatty acids did not show any significant change. When 
pancreatic enzymes were fed, the total plasma fatty acid level returned to 
normal or above, but the arachidonic acid ratio remained depressed. The 
other individual plasma fatty acid ratios were unchanged. 

The data were submitted to statistical analysis by the P factor and found 
to be highly significant. It must be pointed out that P was ealeulated on 
the basis of all postoperative determinations, including those of Period 1, 
before the fall of arachidonie acid occurred. If the probability were ecaleu- 
lated exclusive of this period, P would be even more significant. The P 
factor was not as highly significant in Dog No. 2 (.02 > P > .01), because 
this animal expired before the period of enzyme feeding. If the animal 
had survived, P would have been more significant. Postmortem examination re- 
vealed absence of all pancreatic tissue. 

Table Il shows the effect of pancreatic duct ligation on the plasma 
arachidonic acid. The values are expressed as per cent (mean + S. E.). 
Table II. Effect of panecreatie duct ligation on the plasma arachidonic acid level 
expressed as the per cent of the total fatty acids (mean + S. E.) 





| Postoperative 














No enzymes | 
Control | Period 1? Period 2+ | Enzymes P values 
Dog No. 6 
Days 6 42 68 
Total fatty acids 
(mg. %) 141 291 37 107 
Arachidonic 
acid (%) 8.9+0.5 (7)t 4.3 (1) Trace (1) 0 (4) <.001 
Dog No. 6 
Days 6 47 68 
Total fatty acids 
(mg. %) 156 193 81 113 
Arachidonie 
acid (%) 9.44 2.0 (8) 58(1) 2.5+2.4 (2) 1221.2 <.001 
Dog No. 7 
Days 14 69 90 
Total fatty acids 
(mg. %) 178 125 80 156 
Arachidonie : 
acid (%) 7.940.5(5) 61403(2) 19+41.1(4) Trace (3) <.001 
Dog No. 8 
Days 14 69 90 
Total fatty acids 
(mg. %) 17] 48 63 110 
Arachidonie 
acid (%) 10.6 + 0.7 (5) 7.321.0 (2) 1.7+1.3 (4) Trace (3) <.001 
*Before fall of arachidonic acid. 
tAfter fall of arachidonic acid. 
tNumber of determinations are expressed in parentheses. 
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Only arachidonic acid is shown, since there were no significant changes in 
any of the other fatty acids. The results are similar to those obtained in 
the depancreatized group. The arachidonic acid ratio remained normal for 
| to 2 weeks following duct ligation and then fell, as did the total plasma 
fatty acid level. Administration of pancreatic enzymes resulted in return 
of the total plasma fatty acid level to normal or above, but the arachidonic 
acid proportion remained depressed. When submitted to statistical analysis 
by the P factor, the results were highly significant in all the animals (P < .001). 
P was ealeulated on the basis of all postoperative determinations, including 
those of Period 1. 

Postmortem examination on the sixty-eighth postoperative day of Dogs 
Nos. 5 and 6 revealed atrophy of the pancreatic acinar tissue. The pancreatic 
remnant was 2 em. long and one-half em. across. On histologic examination, 
a few acini were found. The experiment was terminated in Dogs Nos. 7 
and 8 on the ninetieth postoperative day, but the animals were not sacrificed 
until the two hundred and ninety-ninth day in order that recanalization might 
oceur if duct ligation had been incomplete. A few pancreatic acini were found 
in the remnant of Dog No. 7 which was 14 by 1 em., indicating that canalization 
probably occurred by the two hundred ninety-ninth day. However, the size of 
the remnant showed that canalization did not occur until a very late date (the 
ninetieth day after the experiment was completed) as the pancreas would not 
have atrophied to such an extreme degree. The fact that a few acini were 
found in Dogs Nos. 5 and 6 on histologic examination does not mean that duct 
ligation was incomplete. Sufficient time had not elapsed for complete atrophy 
of all acinar tissue to occur. 


Discussion 


This study shows that the external pancreatic secretion of dogs contains 
a factor that regulates the plasma level of arachidonic acid. It appears to 
be specific for arachidonic acid, and cannot be supplied by feeding such 
potent pancreatic enzymes as whole gland concentrate or purified pancreatic 
lipase. It is probably destroyed during processing of these preparations. 

The factor regulates the relative proportion, rather than the absolute 
level, of arachidonic acid of the total plasma fatty acids. This suggests 
control of a mechanism affecting the relationship of arachidonic acid and 
another fatty acid or other acids. One possibility is the conversion of linoleic 
to arachidonic acid. A number of investigators have demonstrated this con- 
version in vivo.*-?? | 

Removal of the factor did not manifest itself immediately. The rela- 
tive proportion of arachidonic acid did not fall for approximately 1 to 2 
weeks following removal of the external pancreatic secretion by pancreatec- 
tomy or pancreatic duct ligation. The total plasma fatty acid level also 
fell at this time, but the relative proportions of the other fatty acids did 
not change consistently or significantly. It appears that this period of time 
is required for the absence of the factor to effect the arachidonic acid ratio. 
Prolonged withholding of pancreatic enzymes resulted in a further fall of 
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the arachidonic acid proportion, and the total plasma fatty acid level. When 
pancreatic enzymes were fed, the total plasma fatty acid level rose to normal 
or above. In some instances the elevation above normal was twofold. How- 
ever, the arachidonic acid proportion remained depressed even though its 
absolute level rose. Inerease of the absolute arachidonic acid level is ex- 
plained by the greater degree of lipid absorption caused by the pancreatic 
enzymes supplemented in the diet. However, this did not restore the normal 
ratio of arachidonie acid to the total plasma fatty acids. Impaired absorp- 
tion cannot be the explanation for depression of the arachidonic acid ratio. 
If it were, one would expect the relative proportion as well as the absolute 
plasma level to be restored to the preoperative value when pancreatic enzymes 
were fed. The inability of exogenous enzymes to correct this indicates con- 
tinued absence of an endogenous source of this fatty acid; e.g., conversion 
of linoleie to arachidonie acid. 

The fact that similar results were obtained in depancreatized and duct 
ligated animals eliminates the pancreatic alpha cells as the source of the 
‘‘arachidonie acid factor’’ and places it in the external pancreatic secretion. 
Depancreatized animals receiving insulin lack ‘‘alpha cell seeretion.’’ Duct- 
ligated animals with the pancreas in situ have alpha cells. Absence of the 
external pancreatic secretion is the only condition common to both groups. 
Therefore, the arachidonic acid factor must be in the external secretion. 

Arachidonic acid has several features which distinguish it from other 
fatty acids. It does not exist in the plant kingdom. Consequently, all 
arachidonic acid in an animal must be acquired from animal food or be 
synthesized in vivo. Since tissues of herbivorous animals contain arachidonic 
acid, synthesis is the only source in these species. It is not present in depot 
fat but has been shown to be a constituent of mitochrondia,' which is the 
probable explanation for previous reports'* of its presence in depot fat. 
The arachidonie acid content of tissues has been reported to remain constant 
during fat deprivation.’® It is one of the 3 essential fatty acids, and is more 
effective than linoleic or linolenic acids which constitute the other members 
of this group in correcting the symptoms of essential fatty acid deficiency 
and promoting growth.’*** Recent investigations have shown that the un- 
saturated fatty acids lower plasma cholesterol.’**? Arachidonic acid is the 
most effective in man. Linoleic acid has slight activity, while linolenic acid 
is ineffective.2* The primary function of archidonie acid appears to be of 
a more basie nature, thus differing from that of the other fatty acids, which 
are mainly a source of energy. Therefore, it is not surprising to observe 
the existence of a factor influencing the metabolism of this fatty acid specifi- 
eally. This factor may be of etiologic significance in disease. 
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Studies of the pharmacology of o,p DDD in man 


RICHARD H. MOY, M.D. Bethesda, Md. 


Blood, tissue, urine, and stool samples from 18 patients being given massive doses of 
o,p'DDD for the treatment of cancer were studied for the presence of o,p'DDD and a 
metabolic chromogen. From these studies, it appears that o,p'DDD is from 35 to 40 per 
cent absorbed from the gastrointestinal tract, appears in the blood stream, and is stored 
primarily in fat-containing tissues. 


Approximately 25 per cent of the drug absorbed each day appears in the urine in a 
metabolized form. A smaller and variable percentage, also in the metabolized form, ap- 
pears m the stool via the biliary tract. 


The differences of responsivencss of these patients to treatment could not be explained 
by these studies. 


D uring the past 2 years, the compound 2,2 (4 chlorophenyl, 2 chloropheny1) 
1,1 dichloroethane (0,p’DDD) has been used by us to treat metastatic adeno- 
carcinoma of the adrenal cortex. Not only has this therapy resulted in regression 
of tumor metastases and remission of steroid side effects, but it has demonstrated 
suppression of normal adrenal function as well.'® 

Because of the availability of a sensitive spectrophotometriec method for 
determining 0,p’DDD concentrations in tissues, blood level studies could be per- 
formed at various times in most of these patients. To a lesser extent, studies 
were done on absorption and excretion of the compound as well as on determina- 
tions of concentrations in the body tissues as these became available from 
biopsy and postmortem material. 

The results to be reported are admittedly incomplete in terms of a finished 
pharmacologic study. It is believed justifiable to report the results we have ob- 
tained beeause of the potential medical importance of this compound and 
beeause reports of such studies in humans following ingestion of massive doses 
of this and related insecticides are few. 


From the Endocrinology Branch, Department of Health, Education, and Welfare, National 
Cancer Institute, Bethesda, Md. 
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Studies in experimental mammals have shown many similarities in the 
pharmacology of DDT, p,p’DDD, and, from the few studies available, of 0,p’DDD 
as well.*-* ® Among these are absorption, primarily in fat and fat-containing 
tissues, and detoxification and urinary exeretion, primarily in the form of the 
acetie acid derivative DDA (dichlorodipheny] acetic acid). It was anticipated: 
that this would be true of 0,p’DDD in the human as well. 

Spectrophotometrie determinations of 0,p’DDD were performed in a Beck- 
man B spectrophotometer by Cueto and associates”* modification of the Schechter- 
Haller method.’ O,p’DDD from the lot being given to the patients was used as 
a standard* and readings were made at 595 mu. 

No interfering chromogens for 0,p’DDD or the metabolite discussed below 
were found when control samples of blood, stool, urine, fat, and adrenal were 
processed by the method. Reproducibility of duplicate samples from patients 
consistently showed less than 5 per cent variation and, similarly, known 
amounts of o,p’DDD added to blood, fat, and adrenal from control patients 
were better than 95 per cent recoverable. 

When the urine of patients receiving 0,p’DDD was extracted and subjected 
to nitration, no 0,p’DDD was identified but rather another chromogen appeared 
that had maximum absorption at 500 my. Since this chromogen appeared only 
in patients who were receiving or had received 0,p’DDD it was believed that the 
chromogen represented products of the metabolism of o,p’DDD. This chromogen 
also was found in the blood and tissues where, by means of an alkaline wash, 
it could be extracted from o,p’DDD for separate determinations. t 

Ofner and Calvary® state that the alkaline soluble metabolites of DDT, pri- 
marily dichlorodiphenyl acetic acid, are converted by the intensive nitration of 
the Schechter-Haller method to tetranitrodichlorobenzophenone. Since purified 
samples of possible metabolites of 0,p’DDD were not available, the assumption 
was made that the alkaline soluble ‘metabolite’ found in our patients was, like 
that_of DDT, converted by nitration to the end product tetranitrodichlorobenzo- 
phenone. Accordingly, for purposes of quantitation, 2,4 dichlorobenzophenone 
was used as a standard and nitrated with the tissue extracts. Since the original 
metabolite or metabolites remain unknown, the results, obtained in terms of 
weight of 2,4 dichlorobenzophenone, were converted to the equivalent weight of 
o0,p’DDD represented and are subsequently reported as milligrams of 0,p’DDD 
in metabolized form. 


Materials and methods 

Extraction. Liquid specimens (serum, urine, stool emulsion, bile, and cerebrospinal fluid) 
were acidified to pH 2 and extracted with ether. Solid tissues, trimmed of fat and washed 
free of blood, were weighed and dried in a vacuum oven at 50° C. for 5 days. They were then 
reweighed and extracted with ether in a Bailey-Walker apparatus. The weights of the ex- 
tracted residues thus allowed calculation of o,p’'DDD concentrations both in terms of wet 
weight and of ether extractable material. The ether extracts of body fluids and tissues were 


*Sheehan and colleagues® analyzed the fat of a patient who had been given DDD and also 
found a substance, other than DDD, with maximum absorption at 500 maz. 


+O, p’ DDD (m.p. 77 to 79° C.) obtained from the Edcan Co., Norwalk, Conn., prepared by 
recrystallization from Rhothane (p, p’DDD with varying lesser amounts of 0,p/DDD). 
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Fig. 1. Each line represents a single patient and the points are serial determinations of serum 
o,p’DDD. The figure on the last point signifies the patient’s clinical result. 


then washed with 0.56 N NaOH, according to the method of Ofner and Calvary,5 to extract 
alkaline soluble metabolites. Appropriate aliquots of these ether and aqueous extracts of each 
tissue were then subjected to quantitative determination. 

Clinical material. The patients ranged in age from 8 to 56 years and all except 2, who 
had metastatic cancer of the breast, had metastatic adrenal cancer. The usual mode of adminis- 
tration of 0,p’DDD was by mouth in 0.5 Gm. capsules of the dry powder. Tablets of 0,p/DDD 
and solutions in corn oil and oral Lipomul* were tried briefly, without apparent therapeutic 
advantage. A number of these patients also were given courses of intravenous 0,p’DDD, up to 5 
Gm. daily, in a Lipomul suspension. The usual oral dose was 10 Gm. daily. 

It was frequently necessary to stop or lower the dosage of o,p’DDD because of side 
effects of nausea, vomiting, lethargy, and skin rash, and because of changes in the patients’ 
clinical status. This unfortunate lack of standardization must be borne in mind in interpreting 
the results reported below. 


Results 


Absorption. Seven day stool collections of 3 patients who were able to main- 
tain steady intake of o,p’DDD by mouth were analyzed. The patients were 
receiving 5, 10, and 15 Gm. per day, respectively, and were found to pass 66.5, 
63.2, and 62.0 per cent, respectively, of the ingested drug, apparently unchanged, 
in the stool. This can explain in part the massive oral doses we have found it 
necessary to use. Since no 0,p’DDD as such was identified in bile, it is unlikely 
that any of the drug found in the stool had contributed to the therapy of the 
patient. 

Support for this absorption data is found in the urinary excretion studies. 
Patients who received the drug intravenously excreted the equivalent of about 
25 per cent of their daily dose as urinary metabolite over 24 hours. Patients 


*The Upjohn Co., Kalamazoo, Mich. 
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treated orally, however, were found to have a urinary metabolite excretion 
averaging about 10 per cent of their daily dose. When one assumes that, at 
most, about 40 per cent of this oral dose was absorbed, these excretion results 
become quite comparable. 


Stool examinations made of one patient following the cessation of therapy: 
revealed that most of the o,p’DDD cleared from the stool over the next 4 days. 
An average of 50 mg. per day was excreted in the pooled specimen of the second 
week, and an average of less than 1 mg. per day was recovered in the specimen 
collected during the third week after therapy was stopped. - 

Blood levels. Serum specimens were analyzed for 0,p’DDD during various 
phases of therapy. Fig. 1 shows the changes in serum, 0,p’DDD concentration 
of 13 patients following the onset of therapy. While the serum levels tended to 
rise during treatment in each patient, the rate of rise and the levels obtained 
were quite variable. Since most of the patients were able to maintain a dose of 
approximately 10 Gm. per day during this stage of treatment, the figure looks 
essentially the same when plotted against days insteads of against grams of 
0,p’DDD. 

The blood levels were not necessarily higher in those patients showing toxic 
side effects and, as Fig. 1 shows, the absolute blood levels were not indicative of 
the patient’s responsiveness to the drug. Serum levels tended to rise as long as 
intensive therapy was continued. The highest serum level obtained on oral 
dosage was 140 yg per milliliter after 1,900 Gm. 0,p’DDD was given to a 10-year- 
old girl who did not respond to treatment. 

When the drug was discontinued, serum levels fell, and in 4 patients who 
had received from 36 to 884 Gm. total dose they became undetectable, by the 
method used, after 6 to 9 weeks. The patient who received 1,900 Gm., however, 
showed a transient rise in serum level after the drug was stopped. She was 
anorectic and losing weight during this time, which may have resulted in more 
rapid mobilization of o,p’DDD from the fat stores. Two and one-half months 
later, the serum level of this patient was 60 pg per milliliter, or about 43 per 
cent of what it had been at the time treatment was discontinued. 


Table I. Serum levels of 0,p’DDD and its metabolite done on the same specimen 
at a time when the therapeutic result was apparent (metabolite weights are given 
as equivalent micrograms of 0,p’DDD). 








| o,p’DDD Metabolite M./o,p’DDD Therapeutic 
Serum | (ug/ml.) | (ng/ml. ) (%) | result 

] 7 29 415 Remission 

2 11 38 345 No response 

3 14 30 214 Steroid re- 
mission 

4 17 37 218 Remission 

5 19 30 158 No response 

6 21 39 185 Remission 

7 54 54 100 Remission 

8 89 48 54 No response 














300 Moy Sah, Bes nied. 

The chromogen resulting from the metabolism of 0,p’DDD was detected in 
all serum specimens examined. Table I shows the results of quantitative de- 
termination of both o,p’DDD and this metabolite in sera taken from 8 patients 
after the results of therapy were apparent and had been ranked in order of 
increasing 0,p’DDD content. Like the o,p’DDD concentrations, there was no 
obvious relationship of the metabolite content to the patient’s response. Again, 


Table II. The concentrations of o,p’DDD in subeutaneous abdominal fat in 
terms of net weight and ether extractable lipid. Also shown is the intensity of 
drug administration 








Age (in | | | Days Milligram | o,p’DDD 
years) and Total Gm. Days of | since last | per Gm. per Gm. fat 
Patient Sex Source | o,p’DDD therapy dose |wet weight extractable 
1A 47, F Biopsy 900 117 100 1.43 1.86 
lB Autopsy 700 100 5 2.68 3.72 
2 35, F Autopsy 320 33 0 1.27 1.42 
3 49, F Autopsy 210 24 5 1.73 1.95 
4 32, F Autopsy 410 55 5 3.49 5.78 
5 51, M Autopsy 120 23 15 0.46 0.76 
6 51, M_ Biopsy 250 30 60 0.49 0.60 
7A 10, F Biopsy 1,500 160 0 10.1 11.3 
to 
7B Autopsy 1,900 210 110 8.75 10.3 
8A ' 8,M_ Biopsy 90 35 1 1.69 2.59 
to 
8B Autopsy 310 80 1 2.84 3.76 
gy 56, F Biopsy 170 18 3 1.35 1.57 
10* 54, F Biopsy 130 14 6 1.38 1.83 





*Breast cancer. 


Table III. The concentrations of o,p’DDD in 5 tissues of 7 eases brought to 
autopsy. Table II shows the relationship of dosage to time of autopsy (micro- 
grams of 0,p’DDD per gram wet tissue weight) 








Total | | Last 
dose | serum 
Patient (Gm. ) Fat Tumor Adrenal | Brain | Liver | (ng/ml. ) Response 
l 700 2.680 145 763 39 187 19 Remission 
2 320 1,270 49 0* 18 29 8 Steroid 
only 
3 210 1,730 114 209 13 444 6 Steroid 
only 
4 410 3,490 167 987 48 15 15 Steroid 
only 
5 120 460 9 114 5 18 3 Remission 
7 1,900 8,750 915 t t 99 60 None 
8 310 2,840 458 427 107 440 t Steroid 
only 





*Infarcted. 
Not available. 
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it must be borne in mind that several metabolites may be represented by this 
chromogen and also that the results reported in the table are in terms of the 
amount of 0,p’DDD represented by the metabolite. 


Tissue levels. Table II shows the 0,p’DDD concentration in 13 specimens of 
subeutaneous abdominal fat from 10 patients. In addition are shown the total 
dose given to the patient, the duration of therapy, and the number of days 
that elapsed from the time that treatment was discontinued to the time that the 
specimen was obtained. 

Of special interest are the 3 patients in whom biopsy as well as postmortem 
tissue was available. Patient No. 1 was given 2 courses of o,p’DDD separated 
from one another by 14 months; regression of disease occurred both times, with 
progression in the interim. While the higher fat concentration of 0,p’DDD fol- 
lowing the second, and somewhat smaller, course of drug could represent an 
addition to the levels in the tissues remaining from the course given 14 months 
earlier, it is more likely that the higher concentration reflects the shorter delay 
between the end of the second course and obtaining the specimen. That this 
patient was clearing 0,p’DDD from the tissues following the first course is evi- 
denced by the fact that 30 days after this course was discontinued the equivalent 
of 414 mg. 0,p’DDD was excreted in a 24 hour urine collection. A similar picture 
is seen in Patient No. 7, who had the highest tissue concentrations seen. The 
biopsy specimen taken during treatment after 1,500 Gm. had been given con- 
tained a higher concentration of o,p’DDD than the postmortem specimen ob- 
tained after the end of the 1,900 Gm. course. There was, however, a period of 
110 days between the end of the course and the death of the patient. Tissues 
were obtained from Patient No. 8 during and immediately following his course 
and, in this case, rising tissue levels are seen. 

Of the 8 patients listed with adrenal cancer, Patients Nos. 1 and 5 had 
shown regression of tumor and died of other causes. Patient No. 7 died of 
advancing disease without response. The remaining 5 patients all had shown at 
least a 70 per cent drop in tumor steroids but died of various causes during 
treatment; Patient No. 2 died during an episode associated with massive tumor 
necrosis,’ Patient No. 3 died of complications of the tumor, Patient No. 4 died 
postoperatively, having had a complete steroid remission with a previous course, 
Patient No. 6 died at home of unknown causes, and Patient No. 8 died of an 
unrelated tumor, namely, an astrocytoma. 

Table III shows the concentrations of 0,p’DDD in fat, adrenal, tumor, liver, 
and brain of the 7 eases of adrenal cancer that were brought to autopsy. Though 
the data are limited, the information in Tables II and III make it doubtful 
that tissue levels of 0,p’DDD will be sufficient to explain the response of these 
patients; noteworthy is the contrast between Patient No. 5, who responded, and 
Patient No. 7, who did not. 

Following their courses of 0,p’DDD, Patients Nos. 9 and 10, who had breast 
cancer, continued to have blood and urinary 17 OH corticoids in the normal 
range but showed complete lack of responsiveness to 40 » of ACTH given intra- 
venously over 8 hours. The adrenal 0,p’DDD concentrations for these 2 patients 
were 0.24 mg. and 0.14 mg. per gram wet weight, respectively. 
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Table IV shows the concentrations of 0,p’DDD and its metabolite in 8 tis- 
sues of one patient (No. 1). With the exception of brain, the o,p’DDD concen- 
trations are somewhat less variable when expressed in terms of tissue fat (ether 
extractable material) than in terms of wet weight. The opposite appears to be 
true for the metabolite. This may well reflect their lipid and water solubility, 
respectively. Other tissues examined for 0,p’DDD concentrations are shown in 
Table V. 

Two specimens of cerebrospinal fluid revealed no deteetable o,p’DDD and 
only 3 and 4 wg per milliliter as metabolite. Bile likewise contained no detect- 
able o,p’DDD but did contain sufficient concentrations of metabolite chromogen 
to make this a significant mode of excretion, as is pointed out below. 


Table IV. The concentrations in 8 tissues from one patient (No. 1, F. F., 
adrenal cancer) of 0,p’DDD and its metabolite both in terms of wet weight and 
of ether extractable lipid 





ng o,p’DDD Metabolite as pg o,p’DDD 


| | 

| 

= a 

| Per Gm. wet | | Per Gm. wet 
| 











Tissuc weight Per Gm. fat weight | Per Gm. fat 
Fat 2,680 3,720 22 39 
Tumor 145 1,850 27 350 
Adrenal 763 3,020 60 240 
Brain * 39 275 11 81 
Liver 187 1,550 87 720 
Kidney 38 2,590 18 1,260 
Muscle 142 3,310 10 260 
Heart 121 6,920 3 194 





Table V. Content of o,p’DDD in other tissues of Patient No. 1 (total dose, 700 








Gm.) * 
Tissuc | ng o,p’DDD/Gm. wet weight 
Marrow (spine) 318 
Nerve (sciatic ) 122 
Skin (abscessed ) 75 
Uterus 73 
Pancreas 66 
Pituitary 59 
Bowel (small intestine) 58 
Bladder 44 
Gall bladder 24 
Thyroid 28 
Lung 28 
Breast 22 
Spleen 16 
Ovary 14 
Testis (from Patient No. 5, total dose, 120 Gm.) 12 





*Other tissues of this patient are shown in Table IV. 
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Fig. 2. The relationship of serum 0,p'DDD and urinary metabolic chromogen to the intravenous 
administration of o,p’DDD. The urinary chromogen (metabolite or metabolites of o,p’DDD) 
are graphed as equivalent weight of 0,p’DDD. O,p’DDD as such did not appear in the urine. 


Excretion. Similar to its related compounds, 0,p’DDD appears to be metabo- 
lized to a water soluble form (possibly o,p’dichlorodipheny! acetie acid) and ex- 
ereted in the urine. The greatest amount determined in a 24 hour urine specimen 
was the equivalent of 1.3 Gm. 0,p’DDD in a patient receiving 10 Gm. daily by 
mouth. The amount exereted daily rose during early treatment and, from 10 
urine samples of patients able to maintain a steady dose, plateaued at an 
average of about 10 per cent (7.8 to 13.0) of the daily oral dose. Ten urine 
specimens of patients on steady intravenous o,p’DDD averaged about 25 per 
cent (18.2 to 32.0) of the administered dose. As mentioned above, this discrep- 
aney can be accounted for when it is considered that only about 35 to 40 per 
cent of the oral dose is absorbed. 

Similar to the blood and tissue levels of o,p’DDD, the urine concentrations 
of metabolite chromogen fell rather slowly after the course had been stopped. 
Values during the first week after an intensive course showed little change. 
One month following their courses, Patients Nos. 1 and 3 were found to be ex- 
ereting 414 and 594 mg. per 24 hours, respectively. 

Fig. 2 shows the relationship between blood levels of o,p’DDD and the 
urinary levels of metabolite chromogen in a patient receiving the drug intra- 
venously. It can be seen that they tend to run a parallel, somewhat delayed, 
response to the administered dosage. 

A second mode of exeretion, though, from the limited data available, more 
variable from patient to patient, is via the biliary tract. Three samples of gall 
bladder bile were analyzed and, as stated above, contained no detectable o,p’DDD 
but did contain the equivalent of 0.33, 0.47, and 2.17 mg. per milliliter of 
0,p’DDD as metabolite chromogen. 
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Four 7 day stool collections of patients on steady doses of drug were ex- 
tracted for the metabolite and were found to contain the equivalent of 1.0, 1.5, 
4.5, and 17.0 per cent of the dose given during that period. The patient whose 
biliary concentration was 0.47 mg. per milliliter excreted 1.5 per cent and the 
patient whose biliary concentration was 2.17 mg. per milliliter excreted 4.5 per 
cent of their daily doses by this route. 

Thus, considering the ranges of absorption and excretion, the patients in 
this study were apparently retaining from 20 to 30 per cent of the oral dose 
administered each day. 


The author wishes to acknowledge his indebtedness to the late Dr. Delbert M. Bergenstal, 
and to Drs. Mortimer B. Lipsett, Roy Hertz, and John Weisburger for their advice and en- 
couragement in this study, and to Messrs. Wilbert Nixon and Fred Dhyse for their technical 
assistance. 
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Passage of penicillin across the blood-brain barrier in adults 


DEWEY J. BAILEY, JR., CAPTAIN (MC) USAF 
Maxwell Air Force Base, Ala. 
WITH THE TECHNICAL ASSISTANCE OF CAROL DERBY 


The use of intraspinal penicillin in the management of pnewmococcic meningitis remains 
a controversial issue. Some authorities continue to recommend its use initially in the 
treatment of this disease, the rationale being to establish immediate bactericidal levels 
in the cerebrospinal fluid. Although the small doses presently recommended have re-’ 
sulted in very few complications, when mistakes are made in the dose administered, 
results may be fatal. 


The purpose of this study was to determine if prompt bactericidal levels of penicillin 
could be obtained in the cerebrospinal fluid if the initial amount of parenteral penicillin 
given was increased above the dose range presently recommended. 


A total of 24 patients without inflammatory disease of the central nervous system was 
studied. Crystalline penicillin was administered in the dosage range of 4 to 5 million 
units by both the intramuscular and intravenous routes. Samples of cerebrospinal fluids 
were obtained from the lumbar subarachnoid space at different time intervals and the 
concentration of penicillin was determined. 


The results of this study indicate that when 5 million units of crystalline penicillin are 
administered intravenously in a 3 to 5 minute period, a rapid, effective, and safe method 
is available for obtaining bactericidal concentrations of this drug in the cerebrospinal 
fluid; thus the use of intraspinal penicillin can be eliminated justifiably. 


. the introduction of antibiotics into clinical medicine there has 


been much discussion and debate regarding the most efficient antibiotic pro- 
gram to institute in the management of patients with purulent meningitis. 
Initially, intraspinal penicillin was considered the treatment of choice; how- 
ever, there arose a fairly large number of complications as a direct result 
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of this route of administration.’ Dowling and associates* were the first to 
report the relatively successful treatment of pneumococciec meningitis with 
‘‘large’’ doses of parenterally administered penicillin, and it was only after 
that publication that most authorities discontinued the use of repeated in- 
jections of intraspinal penicillin. 

In the above-mentioned study* it was found that there was a delay period 
of approximately 6 to 8 hours before bactericidal concentration of penicillin 
could be recovered from the cerebrospinal fluid; therefore, it was felt that 
an initial, single small intraspinal dose of this drug was probably indicated 
in the treatment of pneumocoeccie meningitis in order to establish immediate 
bactericidal levels during this lag phase. 

At the present time, some 10 years later, the need for intraspinal penicillin 
as an initial therapeutic measure in pneumococcie meningitis remains a con- 
troversial issue.*® Intraspinal penicillin in the small doses presently recom- 
mended (5 to 10 thousand units) in itself has resulted in very few compli- 
cations®; however, when mistakes are made in the dose administered, as we 
have recently encountered at this hospital,’® the results may be fatal. We 
have also verbal reports from 2 other university hospitals of deaths resulting 
from similar mistakes. In addition to this hazard, the introduction of a for- 
eign material into the subarachnoid space also carries a certain risk. 

The purpose of this study was to determine if prompt bactericidal con- 
centrations of penicillin could be obtained in the cerebrospinal fluid if the 
initial amount of parenterally administered penicillin was increased above the 
dose range presently recommended. 


Methods 


A total of 24 patients without inflammation of the meninges were studied with regard 
to the rate of recovery and concentration of penicillin that could be obtained from the 
lumbar subarachnoid space following the administration of a crystalline penicillin by the 
intramuscular and intravenous routes. The patients selected for this study were volunteers 
on whom a lumbar puncture was to be performed for a diagnostic purpose or to whom penicil- 
lin was to be given for a specific purpose. These patients had not received any antibiotics for 
a period of at least 4 months prior to this study. The age range of the patients studied 
was from 32 to 80 years; there were 14 men and 10 women. The primary diagnoses of the 
patients studied included cerebral arterial thrombosis, rheumatic heart disease, carcinomas 
of the breast, lung, and rectum, psychoneurosis, fracture of the femur, vitamin deficiency, 
peptic ulcer, portal cirrhosis, and hypertension (see Tables I, II, and III for details). All 
patients had normal cerebrospinal fluid pressures and normal protein and cell counts. 

Four or 5 million units of crystalline penicillin were given intramuscularly into the 
gluteal region and samples of cerebrospinal fluid were obtained for the determination of 
penicillin concentration at intervals of one-half and 1 hour. An identical amount of aqueous 
penicillin was dissolved in 150 ml. of 5 per cent dextrose and water and given intravenously 
over a 3 to 5 minute period. Samples of cerebrospinal fluid were collected at 15 minute, one- 
half hour, and 1 hour intervals. All samples of cerebrospinal fluid were obtained from the 
lumbar subarachnoid space. A review of the literature failed to reveal any data on the 
possible complication that might be encountered when intravenous penicillin in this dose 
range is administered over this short period; however, one paper suggests that in the 
presence of renal disease the intravenous administration of 12 million units of penicillin as 
often as every 4 hours may be fatal.11 The patients in the present study were observed 
very closely and no immediate or late complications were encountered. 
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Table I. Group I 











Age (in | Concentration in oerebro- 
years), race, | Amount : spinal fluid (unit/ml. ) 

and sex | Diagnosis | (units) Penicillin 4 hour | 1 hour 

69 C,M Cerebrovascular thrombosis 4 million [. M. .04 .04 

80 N, M Cerebrovascular thrombosis 4 million I. M. .02 .02 

46 C, F Rheumatic heart disease 4 million I. M. .04 .04 

62 N, F Breast carcinoma 5 million I. M. .02 .02 





Crystalline penicillin G was used in both the in vitro control measurements and the 
patient study. Penicillin concentrations were determined by the dilution method of Rammel- 
kamp,}2,13 using a strain of alpha hemolytic streptococci as the test organism. Complete 
sterilization of the test culture took place at concentrations of 0.1560 or 0.0780 unit of 
penicillin per milliliter, which is only a 1 tube dilution difference. Each study was set up 
with a control and final calculations were made according to the control for that day. Since 
Appelbaum and colleagues!14 have shown that, of 75 strains of pneumococci tested, all were 
sensitive to concentrations of penicillin above 0.06 unit per milliliter, and only 3 strains 
were able to survive at concentrations between 0.02 and 0.06 unit per milliliter, the lowest 
concentration of penicillin tested for was 0.02 unit per milliliter. 


Results 


The patients studied were divided into 3 groups, depending on the route 
and dose of penicillin administered. Group I (Table I) consisted of 4 patients 
who received erystalline penicillin by the intramuscular route in doses of 4 
and 5 million units. Samples of spinal fluid were withdrawn 30 minutes and 
1 hour after the drug was administered as described. In this group the con- 
centrations of penicillin recovered from cerebrospinal fluid were less than 
0.02 and 0.04 unit per milliliter. 

Group II (Table IL) consisted of 10 patients who received 4 million units 
of penicillin intravenously over a 3 to 5 minute period. Thirty minutes after 
the penicillin had been administered, 8 of the 10 patients had penicillin levels 
above the minimum bactericidal concentration for pneumococci (0.06 unit 
per milliliter), and within 1 hour all of this group were above this level. 


Table II. Group II 














Age (in i a re i ca 
years), race, aioaai | Peni- | om ntration in cerebrospinal fluid (units/ml) 

and sex Diagnosis (units) | cillin 14 hour 1 hour 2 hours | 4 hours | 6 hours 

40C,M  Psychoneurosis 4 million Bes .08 31 

73C,F Hip fracture 4 million E..¥, 2.5 2.5 

55 N, F Breast carcinoma 4 million 2 ol 31 

67 N, F Peptic ulcer 4 million L. ¥. 16 16 

32 C, F Psychoneurosis 4 million i ¥ 16 16 

80N,M _ Cerebrovascular 

thrombosis 4 million bs; Ye .08 16 

52 C, F Hypertension 4 million ay .04 .08 

38N,M _ Vitamin deficiency 4 million Se 08 .08 

45 C,M Psychoneurosis 4 million eS .02 .08 


66W,M _ Cerebrovascular 





thrombosis million * 4 .08 16 16 .08 
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Table III. Group III 














Age (im Concentration mn cerebrospinal 
years), race, Amount fuid 
and sex Diagnosis (units) Penicillin | 15 minutes | 1% hour | 1 hour 
67 C, M Cirrhosis 5 million L¥. 32 .64 
80N,M Lung carcinoma 5 million AV. 1.3 1.3 
62N,M Lung carcinoma 5 million LY. 32 .64 
65 N, F Cerebrosvascular 
thrombosis 5 million LV. .08 .08 
46N,M Rectum carcinoma 5 million a, A .08 .08 
70 C,F Cerebrovascular 
thrombosis 5 million LV. .08 .16 
72N,F Breast carcinoma 5 million bm A .08 16 
80N,M _ Cerebrovascular 
thrombosis 5 million a3 .08 16 
45 F Cervix carcinoma 5 million LV. .04 16 
67 M Cerebrovascular 
thrombosis 5 million BF .04 16 





In Group III (Table IIT) the amount of penicillin given by the intra- 
venous route was increased to 5 million units, and it was administered over 
the same period of time. All of the patients had bactericidal concentrations 
of this drug in the lumbar cerebrospinal fluid within 30 minutes. Four of 
this group, were studied 15 minutes after the penicillin was administered ; 
2 had 0.04 and 2 had 0.08 unit per milliliter. When these results were sub- 
jected to analysis, there was no significant correlation between the con- 
centration of penicillin recovered and the age, weight, or underlying disease 
of the patients studied. 


Discussion 


The use of intraspinal penicillin as an initial therapeutic measure in pneu- 
mococciec meningitis remains a somewhat controversial issue. Some believe 
this mode of therapy is indicated on the basis of better clinical results” °; 
others contend equally as strong that it is not only unnecessary, but danger- 
ous.’ * 5 8 15,16 Sinee there have been no controlled studies with this question 
in mind, it is impossible to settle this issue on purely clinical grounds. In 
a recent report on the treatment of pneumococcic meningitis,” in which 
intraspinal therapy was not used, the mortality rate was lower than that 
obtained by a group which recommends the continued use of intraspinal 
penicillin.® 

Intraspinal penicillin has caused very few complications when admin- 
istered in the small doses presently recommended; however, when mistakes are 
made in the amount given, the results may be fatal.*° Even when penicillin is 
administered by this route, it has been reported that only trace quantities occa- 
sionally could be recovered from the lateral ventricles in a period of 2 hours 
following the administration of 75 hundred units of this drug into the lumbar 
subarachnoid space.'* This delayed and unequal distribution of penicillin 
in the cerebrospinal fluid is not therapeutically ideal in this illness. 
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As yet, we have not had the opportunity to study patients with purulent 
meningitis; however, it has been shown by others that penicillin crosses the 
blood-brain barrier much more rapidly, and at greater concentrations, when 
there is inflammation of the meninges.’® 7° Also pertinent to the study is 
the fact that, following the administration of parenteral penicillin, the con- 
centration of this drug in the cerebrospinal fluid increases as one progresses 
cephalad in the subarachnoid space*'; thus, the concentrations of penicillin which 
were recovered from the lumbar region in our study represent the lowest con- 
centration of pencillin in this fluid-containing cavity. 

Verron”? studied the passage of several penicillin preparations into the 
cerebrospinal fluid following the intramuscular administration in children. 
After penicillin G sodium was given in the dose of 50,000 units per kilogram 
of body weight, it was reported that, on the average, approximately 0.04 
unit per milliliter of this drug could be recovered from the lumbar sub- 
arachnoid space 30 minutes and 0.16 unit per milliliter one hour following its 
administration. From our study in adults, with penicillin G potassium ad- 
ministered in the same fashion and at comparable doses, the results of the 
above study could not be duplicated. It was only after the penicillin was 
administered by the intravenous route that prompt bactericidal concentration 
could be obtained. 


In view of these studies, it would appear that the only time intraspinal 
penicillin therapy would have a place in the management of purulent menin- 
gitis would be in a patient who presented with hypotension as part of the 
clinical picture, since an inadequate blood flow may delay the passage of this 
drug across the blood-brain barrier. 


The author gratefully acknowledges the advice and criticism given by Drs. William 
Parson, Thomas Hunter, William Jordan, T. R. Johns, and K. Russel, and the technical 
assistance given by Carrol Gordon. 


REFERENCES 


1. Erickson, T. C., Masten, M. G., and Suckle, H. M.: Complications of the Intrathecal 
Use of Penicillin, J. A. M. A. 132: 561, 1946. 

2. Wilson, G., Rupp, C., and Wilson, W.: The Dangers of Intrathecal Medication, 
J. A. M. A. 140: 1076, 1949. 

3. Nemir, R., and Israel, J.: Pneumococcie Meningitis in Infants and Childhood: Com- 
bined Therapy Using Penicillin and Sulfonamide, J. A. M. A. 147: 213, 1951. 

4. Dowling, H., Sweet, L., Robinson, J., Zellers, W., and Hirsh, H.: The Treatment of 
Pneumococcie Meningitis With Massive Doses of Systemic Penicillin, Am. J. M. Se. 
217: 149, 1949. 

5. Dowling, H.: Antibiotic Therapy, Disease-A-Month, March, 1956. 

6. Harrison, T. R.: Principles of Internal Medicine, Ed. 3, New York, 1958, The Blakiston 
Division, MeGraw-Hill Book Co. 

7. Cecil, R. L.: A Textbook of Medicine, Ed. 10, Philadelphia, 1959, W. B. Saunders Co. 

8. Holt, L. E., and McIntosh, R.: Pediatrics, Ed. 12, New York, 1953, Appleton-Century- 
Crofts, Ine. 

9. Weinstein, L., Gildfield, M., and Adams, D.: A Study of Intrathecal Chemotherapy 
in Bacterial Meningitis, M. Clin. North America 37: 1363, 1953. 

10. Bailey, D. J., and Johns, T. R.: To be published. 

11. Bateman, J. C., Barberio, J. R., Grice, P., Klopp, C. T., and Pierpoint, H.: Fatal 








310 Baile y J. Lab. & Clin. Med. 


18. 


19. 


20. 


August, 1961 


Complications of Intensive Antibiotic Therapy in Patients With Neoplastic Disease, 
Arch. Int. Med. 90: 763, 1952. 

Rammelkamp, C. H.: A Method for Determining the Concentration of Penicillin in 
Body Fluids and Exudates, Proc. Soe. Exper. Biol. & Med. 51: 55, 1942. 

Diagnostic Procedures and Reagents, Ed. 3, New York, 1950, American Public Health 
Association. 

Appelbaum, E., Nelson, J., and Albin, M.: The Treatment of Pneumococcal Meningitis 
with Penicillin, Am. J. M. Se. 218: 260, 1949. 

Feibush, J., Murphy, E., and Lubort, A.: Pneumocoeccie Meningitis in Adults, Ann. 
Int. Med. 37: 65, 1952. 

Lowrey, G., and Quilligan, J.: The Treatment of Pneumococcie Meningitis Without 
Intrathecal Penicillin, J. Pediat. 33: 336, 1948. 

Lepper, M., and Spies, H.: Treatment of Pneumococciec Meningitis, Arch. Int. Med. 
104: 253, 1959. 

MeCune, W., and Evans, J.: Intraventricular Penicillin in the Treatment of Staphylo- 
coecic Meningitis, J. A. M. A. 125: 705, 1944. 

Rosenberg, D., and Sylvester, J.: The Excretion of Penicillin in the Spinal Fluid 
in Meningitis, Science 100: 132, 1944. 

Dowling, H., Sweet, L., Hirsh, H., and Lepper, M., Specific Therapy of Bacterial 
Infections of the Central Nervous System, J. A. M. A. 139: 755, 1949. 
Dumoff-Stanley, E., Dowling, H., and Sweet, L.: The Absorption Into and Distribution 
of Penicillin in the Cerebrospinal Fluid, J. Clin. Invest. 25: 87, 1946. 

Verron, G.: Die Liquorgangigkeit verschiedener Penicillin-Preparate bei normalen 
Meningealverhaltniss en im Kindes-alter, Med. Klin. 17: 738, 1957. 











A simple method of blood volume determination 


for clinical use 


SOICHI L. ISOMURA, M.D., JOHN J. DINAN, M.D., and DAVID S8. 
KAHN, M.D. Montreal, Canada 


A method is described for blood volume determination utilizing the hemoglobin concen- 
tration changes following the infusion of Intradex in normal saline. The test requires no 
special equipment or training beyond that normally available in all hospitals. Experience 
with this blood volume method leads us to suggest that it yields information of sufficient 
accuracy for clinical purposes. The technique of the application of this method to blood 
replacement therapy is presented. 


i clinical management of obvious or questionable hemorrhage, where 
‘rapid blood replacement seems indicated, ean be diffieult. In this situation, 
because the amount of blood loss is difficult to predict from clinical signs, in- 
formation regarding the immediate blood volume status can be of great value. 
The standard methods available for estimating blood volume,’? such as the 
radioactive labeled compounds and dye dilution methods, require specialized 
equipment and well-trained technical personnel. This tends to limit the avail- 
ability of these methods to the clinician. The objective of the present study 
was the development of a blood volume method which could be performed with- 
out special training or equipment and yet be sufficiently accurate for clinical 
use. Such a method should be useful in hospitals where other methods are not 
available, or under field conditions. This report contains a deseription of a 
method which seems to meet these requirements and outlines briefly its applica- 
tion to blood replacement therapy. 


Materials and methods 
Blood volume determination. 
A. PRINCIPLE. The method is based on the dilution principle, utilizing the changes in 


hemoglobin concentration following an infusion of a plasma volume substitute. By means of 
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a photometric method it is possible to obtain the concentration in grams per cent of a colored 
solute in an aqueous solution. When water is added to the solution, it is obvious that the con- 
centration of the solute in solution will be decreased in direct proportion to the volume of 
water added. If the initial volume of the solution and the concentration of the solute in the 
solution are known, the final concentration, after a known volume of water has been added, 
van be calculated. Conversely, if the initial and the final concentrations of the solute in the 
solution and the volume of the added water are known, then it is possible to calculate the 
initial volume of this solution. 

In the method to be described the initial and final concentrations of the solute are the 
initial and final hemoglobin concentrations, and the volume of the added solution is a known 
amount of 6 per cent Intradex* in normal saline infused intravenously. Applying the pre- 
viously stated principle, it is then possible to calculate the initial volume of the solution (the 
preinfusion blood volume), providing that there is a temporary expansion of the circulating 
blood volume by approximately the same volume as the infused volume of the fluid and that 
there is a complete mixing of the infused fluid with the circulating blood. 

B. METHOD. 1. Clinical shock should be alleviated by appropriate means before the test 
is started and an interval of 45 to 60 minutes should be allowed between the start of the 
test and the time at which all other parenteral fluids are discontinued or at least slowed to a 
rate of 10 drops per minute or less. 

2. A blood sample (approximately 5 ml.) from a large vein in the anticubital fossa of 
the arm is oxalated with dry ammonium—potassium oxalate powder (Hgb,). The tourniquet 
applied to the arm for venipunctures should be in place for only a short time to avoid hemo- 
concentration distal to it. 

3. Immediately following the above step, using a No. 18 needle, 500 ml. of 6 per cent 
Intradex in normal saline (hereafter referred to as Intradex) is infused intravenously at a 
uniform rate in 20 to 30 minutes (unless there are special contraindications). 

4. After the infusion is completed, 5 ml. specimens are taken for hemoglobin determina- 
tions from a large anticubital vein of the opposite arm (to avoid artefactual dilution). The 
first specimen is taken immediately at the completion of the infusion and subsequent speci- 
mens at precisely 10, 20, and 30 minutes (Hgb,). 

5. After all blood specimens have been obtained, the hemoglobin concentration of each 
of the 5 specimens is determined in triplicate by a photometric method, in immediate suc- 
cession by the same person. The following points in technique must be strictly adhered to: 
(A) The same hemoglobin pipette must be used for all determinations (individual hemo- 
globin pipettes may vary + 5 per cent* *; (B) Blood specimens must be thoroughly mixed 
just prior to pipetting because dextran increases the sedimentation rate; (C) Hemoglobin 
diluent must be freshly pipetted (using the same pipette throughout) for each determination, 
to avoid evaporation; (D) The photometer must be accurately calibrated (most are accurate 
between 4.2 and 19 Gm. per cent of hemoglobin‘). 

6. The blood volume prior to the infusion can then be calculated by the use of the fol- 
lowing formula derived from the principle: 


(Vx) (Hgb,) 


V,) (Hgb:) = (Vi, + Vx) (Hgbs); or V; = 
CFs) CG) = Ce + Ved CS OF a 





where V, = the unknown initial blood volume at the moment prior to the infusion, Hgb; = 
the initial hemoglobin concentration determined on the specimen obtained before the infusion, 
V, = the known volume of the infused 6 per cent Intradex, and Hgb, — the final hemoglobin 
concentration. This value is the lowest hemoglobin concentration found in the specimens taken 
during the 30 minutes after the infusion has been completed. Technical error should be sus- 
pected if the curve of these serial postinfusion blood specimens is not smooth. 

For example, a normal subject was given 500 ml. of 6 per cent Intradex in normal saline 
solution intravenously in 20 minutes and the data in Table I were obtained. 


*The Intradex (6 per cent dextran solution in normal saline) used in this study was sup- 
plied by Glaxo (Can.) Ltd., Toronto, Ont. 
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Table I 
Minutes Minut eal . 
before Minutes after infusion 
Measured material infusion 0 10 | 20 30 
Hemoglobin (Gm. %) 12.8 11.8 11.4 11.4 11.4 





Calculation. 
Hgb, = 12.8 Gm. % : V, = 500 ml. : Hgb, = 11.4 Gm. &% 


V,.(Hgb,;) (500) (11.4) 


NG TS 6 Se neem: OE Ga ratte 
(Hgb, — Hgb,) (12.8 — 11.4) 





Therefore, V, = approximately 4,100 ml. 


Results 


Table II shows the results of the described method in a group of normal 
control subjects with no history of recent bleeding. These results are compared 
with the volume estimated on a weight basis and in 4 of these subjects with 
the volume as determined by the radioactive iodinated serum albumin method. 

In a series of 35 patients with definite hemorrhage, transfusion of the esti- 
mated blood loss returned the hemoglobin concentration to a normal level. In 
a number of patients with questionable internal hemorrhage, the results of 
the test were confirmed by subsequent events. A few cases are presented in the 
Appendix to illustrate results obtained in clinical application of the method. 


Application of method to blood replacement therapy. 


A. BLOOD VOLUME DEFICIT. The blood volume deficit after hemorrhage is the 
difference between the blood volume prehemorrhage and that measured post- 
hemorrhage. As the prehemorrhage blood volume most likely will not have 
been measured, it has to be estimated by some indirect means, based on weight, 
height, or surface area. The volume for the average normal adult man has 


Table II. Blood volume determinations in normal subjects 














| | Blood volume 
| ° 
Case | | Age Weight by R.I.8.A. 
No. | Sex (years) | (pounds) Hab, Hgb, | B.V.D. BUVW. method 
1 M 22 120 15.2 13.6 4,200 4,000-4,400 4,000 ml. 
2 M 20 116 16.0 14.2 4,000 3,800-4,300 4,750 ml. 
3 M 130 15.4 14.2 4,500 4,300-4,800 4,800 ml. 
4 M 18 156 15.4 14.2 5,900 5,100-5,800 5,200 ml. 
5 F 68 103 13.0 11.4 3,600 3,100-3,600 
6 M 58 118 14.6 13.0 4,100 3,900-4,400 
7 F 26 118 12.8 11.4 4,100 3,500-4,100 
Abbreviations: Hgbi — Pre-dextran infusion hemoglobin concentration gram per cent. 
Heber = Lowest hemoglobin concentration gram per cent in the 30 minute period following 
the infusion of 500 ml. of 6 per cent Intradex in 20 minutes. 
B.V.D. = Blood volume in milliliters, as determined by the described method. 
B.V.W. = Blood volume in milliliters, estimated from weight using the range of 33 to 37 


ml. per pound for men and 30 to 35 ml. per pound for women.},® 
R.L.S.A. = Radioactive iodinated serum albumin. 





314 Jsomura, Dinan, and Kahn J. Lab & Clin. Med. 


August, 1961 
been shown to be approximately 76.6 ml. per kilogram, or 35 ml. per pound.’ ® 
It is less in the woman than in the man, less in the elderly than the young, 
and less in the obese than the lean.® In this study the range used for men was 
33 ml. to 37 ml. per pound and for women 30 ml. to 35 ml. per pound, with 
the lower figure for the elderly or obese, or for those with a history of heart 
disease, congestive heart failure, or chronic anemia. The difference between the 
estimated blood volume by weight and the posthemorrhage blood volume by 
determination will approximate the blood volume deficit. 


B. BLOOD LOSS CORRECTED BY HEMODILUTION. The blood volume deficit will 


not necessarily reflect the total amount of whole blood that was lost. When 
blood is rapidly lost by hemorrhage, there is a proportional decrease in the 
blood volume, and as it is whole blood that is lost, the hemoglobin concentration 
and the hematocrit will be at the most only slightly altered during this initial 
period. However, provided that the patient is not markedly dehydrated, when 
the blood volume becomes decreased, a gradual absorption from the extravas- 
cular fluid oceurs, so that the plasma volume, and thus the blood volume, in- 
creases toward normal. This relative increase in the plasma volume over the 
red cell volume, known as hemodilution, leads to a corresponding decrease in 
the hemoglobin concentration. According to Mollison':© a loss of approximately 
1,000 ml. of whole blood in a normal man requires 36 to 72 hours for complete 
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Fig. 1. Changes in the blood and plasma volume and hemoglobin concentration following 
rapid blood loss. 
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hemodilution to full volume. The total amount of whole blood lost consists of 
the sum of the measured blood volume deficit plus the amount of plasma volume 
increase (resulting from the hemodilution process) represented in the measured 
blood volume (Fig. 1). 

The plasma volume increase caused by hemodilution is the difference be- 
tween the measured (hemodiluted) blood volume and the volume of nonhemo- 
diluted blood with the normal hemoglobin concentration present in this meas- 
ured blood volume. The volume of nonhemodiluted blood ean be calculated by 
division of the total amount of hemoglobin in the hemodiluted blood by the 
normal hemoglobin concentration. So, the volume of nonhemodiluted blood = 
determined hemodiluted blood volume x hemodiluted hemoglobin concentration 

normal hemoglobin concentration 





For example, if, after hemorrhage, there is a hemoglobin concentration of 
10 Gm. per cent, a determined blood volume of 3,000 ml., and an estimated 
normal blood volume by weight of about 5,000 ml., then the measured blood 
volume deficit is 5,000 — 3,000, or 2,000 ml. Assuming the prehemorrhage hemo- 
globin concentration to have been 15 Gm. per cent, then the amount of 





blood loss corrected by hemodilution was as follows: B.V.D. — (B.V.D. x 
hemodiluted hemoglobin coneentration 10 Gm. % 
: ) or 3,000 ml. — (3,000 ml. x 10 Gm. 2, 
normal hemoglobin coneentration 


15 Gm. %"’ 
1,000 ml., and the total amount of whole blood lost was 2,000 ml. + 1,000 ml., or 
3,000 ml. of whole blood of 15 Gm. per cent hemoglobin concentration. As the 
prehemorrhage hemoglobin concentration usually is not known, this is really the 
amount of blood of 15 Gm. per cent hemoglobin concentration required for 
return to full volume with a hemoglobin concentration of 15 Gm. per cent. 

It is beyond the scope of this paper to enter into the details of replacement 
transfusion therapy. It should be noted, however, that the rapid replacement 
of the ealeulated total amount of blood loss (blood volume deficit plus amount 
corrected by hemodilution) to a patient with a hemodiluted blood volume would 
result in hypervolemia and could be very dangerous. We found it safe to 
replace the blood volume deficit by rapid transfusion of whole blood to 90 per 
cent of the estimated normal blood volume. The remainder of the total blood 
loss can then be corrected more slowly with either whole blood or packed red 
cells, with 24 or 48 hours between infusions to allow the volume compensating 
mechanisms to operate. Only the amount of whole blood which is transfused 
should be considered in blood replacement ealeulations. Preserved blood con- 
tains both whole blood and an anticoagulant solution, but, as the latter does 
not remain long in the circulation, it should not be included in the replacement 
calculations. 


Discussion 


The blood volume determined by the described method in a group of normal 
control subjects compared favorably with that estimated on a weight basis and 
with that determined simultaneously in 4 subjects by a radioactive iodinated 
serum albumin method (Table II). The results obtained with patients who 
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had bled were not compared with any other method. However, transfusion 
of the estimated blood loss returned the hemoglobin to a normal concentration, 
suggesting that the method is accurate enough for use in the clinical manage- 
ment of hemorrhage. 

The principle of the described method depends on two assumptions. The 
first is that there is complete mixing of the infused material with the cireulating 
blood. This assumption must be made for all blood volume methods in common 
use. As in all dilution methods, it is necessary to alleviate shock before per- 
forming the test, as it is otherwise impossible to be certain that complete mixing 
has occurred. In the present study the postinfusion hemoglobin concentration 
eurve showed a gradual decline, reaching a plateau in 10 to 20 minutes, sug- 
gesting maximal mixing; this is in agreement with the time found for complete 
mixing to oceur in other dilution methods. The second assumption is that the 
blood volume is temporarily expanded by a volume approximately equal to the 
volume of Intradex infused. This is more difficult to substantiate definitely. 
Vickery® and Bollman’ found no histologie evidence of extravascular diffusion 
of dextran, except in pulmonary edema and severe burns. The results of 
studies relevant to volume inerease after dextran infusion are difficult to 
assess.5-'5 Moore’® seems to believe that the evidence is sufficient to suggest 
that dextran infusion results in a temporary inerease in plasma volume equal 
to the volume infused. Koster and associates’? found the plasma volume in- 
erease approximately equal to the amount of 6 per cent Macrodex in saline 
(average molecular weight 91,000) infused, but we were unable to find data 
regarding the volume increase after infusion of Intradex in saline (mean 
molecular weight 200,000)*'? the solution used in the present study. In the 
presently described method the hemoglobin concentrations did not decrease to 
any extent after 10 minutes postinfusion, suggesting that during the period of 
the test no substantial increase occurred in the plasma volume beyond that of 
the volume of Intradex infused. Only Intradex in saline has been used with 
the described method and we have not assessed its applicability to dextrans of 
lower average molecular weight. 

The patients tolerated the rapid infusion of Intradex in saline. Cases near 
clinical shock were usually improved by the infusion, which acts as an emer- 
gency treatment for hypovolemia while whole blood is being procured. In other 
words, at the same time that the test is being performed, treatment of the pa- 
tient is being instituted. Studies have shown that dextran does not interfere 
with immunity, antibody formation, wound healing, or resistance to infection, 
and that reactions are relatively infrequent and mild.'*-*° A hemorrhagie tend- 
ency has been reported after the infusion of large amounts of dextran?" *? but 
we have not encountered this after the infusion of 500 ml. of Intradex. The 
infusion should be given with caution to those patients who are significantly 
anemic and to those with a history of myocardial infarct or congestive heart 
failure. With any infusion given at a time that active hemorrhage is occurring 
there is a strong possibility that part of the infused material will be lost from 


*J. T. Marsh, Glaxo Laboratories, Greenford, England. 
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the vascular system. For this reason it is impossible to be certain of the results 
obtained if the test is performed while the patient is actively bleeding. This 
holds true for all blood volume methods utilizing the dilution principle. 


Absolute hemoglobin concentration values are not the determining factor 
of the described method. It is a comparative method, the relative hemoglobin 
concentration changes postinfusion being compared with the preinfusion con- 
centration, which is equivalent to a standard. At the beginning of this study 
both hemoglobin concentration and hematocrit determinations were carried out. 
However, it was found that the hematocrit determination was affected by the 
type and amount of anticoagulant used,* 4 and that dextran infusion tended to 
cause increased rouleau formation and increased mean corpuscular hemoglobin 
concentration. Merriman and colleagues”* also noted the latter and suggested 
that dextran causes a shrinkage of the red blood corpuscles resulting in a 
fallaciously low hematocrit level. As the hemoglobin concentration was not 
affected by these changes, we have used it as the measure and have attempted 
to reduce its inherent error to a minimum by the precautions outlined. The 
accuracy of the method depends upon strict adherence to the details of the 
laboratory technique. The entire procedure can be performed in about 90 
minutes. It requires only equipment and materials already present in all 
hospitals. Laboratory technicians and house officers easily learn the few extra 
details and quickly become proficient in performing the hemoglobin determina- 
tions. 

Blood volume dilution methods utilizing changes in the hemoglobin con- 
centration following plasma or packed red eell infusion have been previously 
deseribed.**-?7 Sharpey-Sechafer** found a method utilizing packed red eell 
infusion to agree within 500 ml. of the results of the Evans blue method. These 
reports did not specify whether serial postinfusion hemoglobin determinations 
were used, nor what precautions were taken to reduce the errors in the hemo- 
globin concentration determinations. Plasma and packed red cells have the ad- 
vantage of being physiologic, but they are not as readily available as dextran, 
there is a danger of serum hepatitis or mistransfusion, and the volume of anti- 
coagulant solution is not accurately known. With packed red cells there is also 
the possibility of immediate posttransfusion hemolysis of some of the red blood 
cells. 

It is apparent from the principte of dilution that in the described method 
the smaller the preinfusion blood volume and/or the higher the initial hemo- 
globin concentration, the less small technical errors will affect the accuracy of 
the results. Conversely, in individuals with a cireulating blood volume above 
5,000 ml. and/or a very low preinfusion hemoglobin concentration, since only 
500 ml. of Intradex is being infused, the fall in hemoglobin concentration will 
be quite small. With a fall of less than 1 Gm. per cent, small technical errors 
will result in a fallaciously high ealeulated blood volume. However, even in 
individuals whose normal blood volume is above 5,000 ml., any appreciable 
hemorrhage will have reduced the blood volume to a level such that the infusion 
will result in a greater than 1 Gm. per cent drop in hemoglobin concentration; 
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thus the determined volume will be reasonably accurate. In other words, the 
method allows one to determine the clinically important point of whether or 
not the individual is significantly hypovolemie. Error at larger volumes is of 
less practical clinical significance. It should be emphasized that in cases of 
severe chronic anemia rapid infusion of 500 ml. of Intradex would of course 
be dangerous and the method definitely contraindicated. 

The estimation of the blood volume from clinical signs and a routine hemo- 
gram can be difficult. The described method has been found to be a relatively 
simple means of gaining some knowledge of a patient’s blood volume status. 
To correct for a blood volume deficit requires knowledge of both the immediate 
(measured) blood volume and the normal volume for that patient. The latter 
will usually have to be estimated by some indirect means such as height, weight, 
or body surface area, and there is a 10 per cent standard deviation in these 
estimations of normal volume. The accuracy of any blood volume determina- 
tion cannot affect this inherent 10 per cent error in the application of the 
results to replacement therapy. From a practical standpoint it would seem 
that extreme accuracy in blood replacement is unnecessary except in infants. 
The deseribed method has allowed us sufficient clinical knowledge of a patient’s 
blood volume to outline a rational blood replacement program. The informa- 
tion gained has been used to correct the volume to a safe level. This method 
allows one to avoid overtransfusion in the elderly and cardiac patient (by choos- 
ing the lower range of estimated normal volume) and undertransfusion, where 
the correction is to only a dangerous preshock level, from which further hemor- 
rhage is likely to result in catastrophic collapse. Our experience with the 
method leads us to suggest that it is sufficiently accurate for clinical use. 


Appendix: Clinical examples 


A, External hemorrhage—no hemodilution: Case A-1. A 26-year-old man with recent 
compound fracture of the left tibia had blood pressure 160/100, pulse rate 78 per minute, 
and hemoglobin 15.2 Gm. per cent. Blood volume by determination (B.V.D.) was 3,200 ml. 
Estimated normal blood volume by weight (B.V.W.) was 4,900 ml. Therefore, volume 
deficit was approximately 4,900 — 3,200 ml., or 1,700 ml. As approximately 700 ml. was lost 
at the subsequent operation, the total blood loss was at least 2,400 ml. The first post- 
operative day there was some oozing and hematoma formation. The blood therapy and 
hemoglobin pattern are shown in Table ITI. 

B. Internal bleeding—no hemodilution: Case B-1. A 47-year-old woman had a pelvic 
exenteration for stage IV carcinoma of the cervix. During the operation she received 6,000 


Table III. Blood therapy and hemoglobin pattern: Case A-1 





Hospital day 








1 | A SES ee | ae ECR | 16 
Hemoglobin 15.2 
concentration 13.0 12.4 11.8 14.4 14.4 14.0 13.6 
Whole blood (ml.) 1,600* 400 400 400 
Intradex 540 ml.t 





*The preserved blood used in this study contained 380 ml. of whole blood and 120 ml. A.C.D. 
solution per unit. 


¢In the early part of the study 540 ml. of Intradex was infused. 
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Table IV. Blood therapy and hemoglobin pattern: Case C-1 





Hospital day 








1 | 2 | 3 4 | 5 | 7 9 | 12 | 14 | 16 
Hemoglobin 8.0 
concentration 6.7 9.7 109 188 132 108 109 124 138 i324 
Whole blood (ml.) 400 1,200 800 400 
Intradex 500 ml. 





ml. of blood. The following morning clinical shock developed. B.V.D. was 1,900 ml. (Hgb, 
was 14.0 and Hgb, was 11.05 Gm. per cent). B.V.W. was 3,200 ml. Therefore, blood volume 
deficit was 1,300 ml. Following 1,200 ml. of blood the blood pressure stabilized and the 
hemoglobin concentration rose to and remained at 14.4 Gm. per cent. 


One week later she had an episode of hypotension; blood pressure was 60/? and pulse 
rate 160 per minute. The clinical impression was hypovolemia from pelvic bleeding. Fol- 
lowing 800 ml. of blood the blood pressure rose to 120/80 but the pulse rate persisted at 
140 per minute. B.V.D. after these transfusions was found to be 3,100 ml. As the B.V.W. 
was 3,200 ml. it was felt that the hypotensive episode and persistent tachycardia were not 
due to significant hypovolemia. An electrocardiogram showed paroxysmal tachycardia. Fol- 
lowing digitalis therapy the pulse rate gradually became normal and there were no subsequent 
episodes of hypotension. The hemoglobin concentrations were 14.4 Gm. per cent at 1 and’ 2 
days after the last blood volume determination and 14.8 Gm. per cent 5 days later, indi- 
eating that she was probably neither hypo- nor hypervolemic. 

C. Internal hemorrhage—with hemodilution: Case C-1. A 69-year-old man with a his- 
tory of coronary insufficiency had massive hematemesis and melena from a duodenal ulcer; 
blood pressure 100/60, pulse 88 per minute, and hemoglobin 8.6 Gm. per cent. B.V.D. was 
2,600 ml., and B.V.W. 4,900 ml. The blood volume deficit was 4,900 — 2,600 ml., or 2,300 ml. 





8.0 
The plasma volume increase due to hemodilution was 2,600 — (2,600 x 14.0” ml., or ap- 


proximately 1,100 ml. (the hemoglobin level on previous admission was 14 Gm. per cent). 
Therefore, the total amount of blood necessary to return the blood to full volume with a 
hemoglobin level of 14 Gm. was 2,300 + 1,100 ml., or 3,400 ml. The blood therapy and hemo- 
globin concentration pattern are shown in Table IV. 

' On the third hospital day the blood pressure was 110/70 and pulse rate 80 per minute. 
There was no evidence of further bleeding. As he did not receive all the calculated blood 
requirement the hemoglobin did not rise to the level of 14 Gm. on which the calculation was 
based. 


Case C-2. A 49-year-old woman showed clinical shock 15 hours after a cholecystectomy. 
The blood pressure was unobtainable and the pulse thready and weak. She was given 1,000 
ml. of blood and an intravenous Levophed drip, but her condition remained poor. B.V.D. at 


Table V. Blood therapy and hemoglobin pattern: Case C-3 





| Postoperative day 








ae ae ee ae a a 18 
Hemoglobin 12.1 
concentration 10.6 13.2 15.2 15.2 15.2 
Whole blood (ml.) 400 400 400 
Intradex 500 ml. 


Reticulocyte count 
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this time was 2,700 ml., B.V.W. was 3,600 ml. The blood volume deficit was 3,600 — 2,700 


3 
ml., or 900 ml. The amount corrected by hemodilution was 2,700 — (2,700 x Ta4? ml., or 


600 ml. (admission hemoglobin 14.4 Gm. per cent). The total blood requirement was 900 + 
600 ml., or 1,500 ml. Thus the total blood loss since the operation must have been about 
2,500 ml. (required 1,500 plus 1,000 ml. already transfused). At operation 2,300 ml. of 
sanguinous fluid and about 700 ml. of blood clot were found. 

Case C-3. A 59-year-old man was admitted because of a bleeding peptic ulcer. He 
received 4,400 ml. of blood before and during subtotal gastrectomy. B.V.D. one day post- 
operatively was 3,500 ml. (Hgb, 12.1 and Hgb, 10.6 Gm.). B.V.W. was 4,000 ml., so that 
after Intradex infusion his condition was at or near full volume of blood of hemoglobin 
10.6 Gm. per cent. Assuming his normal hemoglobin concentration to be 15 Gm. per cent then 
the amount of this volume, corrected by hemodilution, was approximately 4,000 — (4,000 x 
10.6 
“5 
cent* was required to bring the hemoglobin concentration to 15 Gm. per cent. 


ml., or 1,200 ml., or, conversely, 1,200 ml. of whole blood of hemoglobin 15 Gm. per 


Blood therapy and postoperative hemoglobin concentration are shown in Table V. 


The authors wish to thank Dr. C. Gardiner and Miss C. Couvier, R.T., Queen Mary’s 
Veterans Hospital, Montreal, for the performance of the radioactive iodinated serum al- 
bumin blood volume determinations, and Dr. C. E. Harris and Miss M. Valiquette, R.T., St. 
Mary’s Memorial Hospital, Montreal, for their valuable assistance. 
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A constant volume fractional sample collector 


for cardiac output determinations 
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Cardiac output is frequently determined by the continuous registration of the changing 
concentration of dye or of radioactive particles in blood diverted from a _ peripheral 
artery. Precordial counting techniques employing a radioactive indicator are also used. 
Both procedures eliminate the laborious manipulation and handling of the many blood 
samples obtained with the older multiple fractional sample methods. Nevertheless, the 
fractional sample technique requires less indicator and usually affords greater accuracy. 
Precordial counting methods are not suitable for measurements on exercising subjects. A 
special sample collector was devised to simplify the determination of cardiac output by 
fractional sample collection. It provides discrete blood samples of a constant volume 
regardless of variations in arterial pressure. Time-consuming preparation of the many 
individual blood samples is greatly reduced. Flow measurements in circulation models and 
comparisons with direct Fick estimates in animals confirmed reliability of the device. 


i. indicator-dilution method for the determination of cardiae output is 
in widespread use. Radioactive substances or protein-binding dyes are the 
indicators most commonly used. Their time-course through the circulation can 
be measured by 3 methods: (1) diverting a portion of the flow from an artery 
through a cuvette in which the coneentration of the indicator is measured, (2) 
placing an appropriate detection device externally over the aorta or heart and 
recording the passage of radioactive material, or (3) collecting multiple arterial 
blood samples at 1 to 2 second intervals and measuring the concentration of 
indicator in each sample.’ With continuous recording methods more indicator 
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Fig. 1. 


is needed than with fractional sample techniques, and repetitive measurements 
may not be possible because of the rapid accumulation of large quantities of 
indicator.*"* External radioactive counting methods require a constant relation- 
ship between the patient and the detection device and thus they cannot be used 
during exercise. Multiple sample techniques are of proved reliability, and 
require less indicator than continuous recording methods, but the necessary 
manipulation and measurement of the numerous blood samples is burdensome.” * 

A new mechanical sample collector* was developed for use in eardiae output 
measurements. It provides multiple arterial blood samples of a constant volume 
and, together with radioactive counting equipment, greatly facilitates cardiac 
output measurements. 


Materials 


The constant volume fractional sample collector is shown in Fig. 1. It consists of 3 
major parts: (1) a set of 3 compression arms, (2) a wheel on which the blood samples are 
collected, and (3) the motor. There is a variable speed control on the motor with which the 
sampling rate can be adjusted from 1 sample in 3 seconds to 2 samples per second. With 
minor modifications samples can be collected at any slower rate. The sample wheel contains 
a series of adjacent depressions into which cupped planchets, commonly used for radioactive 
counting, are placed. The center of each depression is drilled out to accommodate a small test 
tube. A maximum of 60 separate samples 
dated. 





in either planchets or test tubes—can be accommo- 


A short piece of rubber tubing rests in a trough under the compression arms. It connects 
an indwelling arterial needle to a curved outlet nozzle directly over the planchets or test . 
tubes. An adjustable support bracket attached to the compression unit permits proper 
positioning of the outlet nozzle. The rubber tubing is occluded by the 3 compression arms in 
alternate fashion such that the blood contained therein is ‘‘milked’’ into the collecting ves- 
sels. The middle arm—2 inches wide—expels the sample, and the other narrower arms serve 
to prevent the backward reflux or premature ejection of blood. Cams attached to the motor 
shaft advance the sample wheel in an intermittent fashion. The cams are so positioned that 
there is a discrete ejection of blood when the sample wheel is stationary; the segment of 


*Custom Engineering and Development Co., St. Louis, Mo. 
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Table I. Continuous flow model comparison 





IHSA 
| RE IM x 100 
Measured IHSA : measured 
(ml./min. ) (ml./min. ) (%) 














1,190 1,115 94 
1,455 1,425 98 
1,550 1,515 98 
1,730 ‘ 1,795 104 
1,745 1,715 98 
1,770 ; 1,710 97 
1,900 1,830 96 
1,920 1,920 100 
1,960 1,970 101 
2,295 2,300 100 
2,335 2,280 98 
2,490 2,520 101 
2,530 2,390 95 
2,710 2,740 101 
2,720 2,630 97 
2,760 2,630 95 
2,900 2.800 97 
3,010 2,970 99 
Mean 2,165 2.125 I% 


S. D. + 7.9% 





rubber tubing under the middle compression arm fills with blood while the sample wheel 
advances, and the next discrete sample is then ejected. At one of the 60 positions, the sample 
wheel remains stationary despite rotation of the motor shaft. This permits the collection of 
successive samples in a single container. Collecting 10 to 20 such consecutive samples in a 
graduated container provides a convenient and reliable method for calculating the volume 
ejected per sample. There is no residual blood under the compression arms. The volume 
ejected is constant, regardless of variations in the input pressure within a range of 0 to 300 
mm. Hg, provided latex rubber tubing of %4g inch inside diameter and 14, inch wall thickness 
is used. The volume ejected per sample is approximately 0.5 ml. of blood. Larger or smaller 
volumes can be obtained by substitution of a different sized central compression arm. 
Radioactive (1131) iodinated human serum albumin (ITHSA) was used as the indicator. 
All samples were collected in cupped planchets previously prepared by the addition of a small 
quantity of anticoagulant. The radioactivity was determined promptly after collection.. When- 
ever the counting was delayed for a few hours, precautions were taken to prevent evaporation 
which would alter the geometry of the sample and detector and perhaps change the count 
rate. An automatic sample changer, a scintillation detector with a 1 inch thallium-activated 
sodium iodide crystal, a scaler, and a recording timer were available for most of the studies. 
Each sample was counted to an accuracy of approximately 1 per cent. An occasional flow 
determination was performed by collecting the samples in test tubes instead of planchets and 
measuring the radioactivity in a well counter. All injections of indicator were made with a 2 
ml. metal-tipped glass syringe held in a metal frame.* Several 1% inch 18 gauge thin-wall 
needles with styli were purchased at one time and carefully examined to insure that 
they were identical in length and had interchangeable styli. All injections into the cireu- 
lation models or animals were made through these needles. A second injection with the 
same syringe in the same metal frame but with a fresh needle was made into a 1 L. volumetric 
flask, the flask filled to the mark with water, and a suitable volume transferred by a 


*Northern Tool Instrument Co., Long Island City, N. Y. 
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measuring pipette to several planchets or test tubes for counting along with the samples. 
The metal syringe holder was then disassembled for cleaning. The holder can be adjusted 
to deliver whatever volume is desired, but adjusting the isotope concentration such that 
approximately 1.5 ml. is delivered afforded the best compromise between accuracy and 
rapid delivery. 


Methods 
Validation of apparatus and results 


1. VOLUME PER SAMPLE. To determine if the volume of each sample ejected by the com- 
pression unit varied significantly with changes in pressure at the sampling site the following 
experiment was made: Two microcuries of IHSA was added to a 500 ml. fiask of tap water. 
The bottle was suspended at a height equivalent to approximately 300 mm. Hg hydrostatic 
pressure from the sample collector. After isotope and water were thoroughly mixed, a stream 
of the fluid was allowed to run slowly through a rubber tube into a beaker. A. needle was 
thrust through the tubing wall and 10 consecutive samples from the flowing stream were 
obtained with the sample collector. The procedure was repeated with the water reservoir at 
the same level as the sample collector. The radioactivity of the samples collected at the 2 
levels of the reservoir were compared. 

There was no significant difference in the volume ejected per stroke at the 2 pressures 
used (9 and 300 mm. Hg). The mean net count rate of 10 samples obtained with the reservoir 
at the high pressure was 496 + 16 counts per minute (c.p.m.). With the reservoir at zero 
pressure the net count rate of 14 consecutive samples was 489 + 21 ¢.p.m. The difference le- 
tween the means was statistically insignificant (P < 0.3). The measured volumes of 20 
additional consecutive samples collected at each pressure were identical. With hydrostatic 
pressures greater than those used, or with thinner walled rubber tubing in the compression 
unit, some variation in the volume ejected per stroke was noted. 

2. QUANTITATIVE FLOW MEASUREMENTS. A simple model was used to test the validity of 
this device for quantitative flow measurements. A water reservoir, at constant temperature 
and pressure, was connected to a mixing chamber filled with glass beads. The outflow passed 
through a simulated vascular bed of branched rubber tubes which rejoined into a single 
outlet. Two to 5 we of IHSA were injected into the circuit between the reservoir and 
mixing chambers. Samples were obtained at 1 second intervals from one of the branching 
tubes. The flow was measured directly by collecting the effluent in a graduated cylinder 
during a carefully timed interval. Flow rates were varied between 1 and 3 L. per minute. 
This is referred to as the continuous flow model. 

In Table I the results of 18 comparisons between measured and calculated flow rates 
are shown. In these continuous flow model comparisons flow rates from 1.19 to 3.01 L. per 
minute were achieved. The percentage of the calculated compared with the measured flow 
is shown in the final column of the table. The sample collector underestimated the flow by 
an average of 2 per cent. The standard deviation from regression of the IHSA values on 
the measured flow data was 54 ml. Thus the calculated flow fell within 108 ml. of the 
measured flow within the range tested 95 per cent of the time. 

3. RECIRCULATION FLOW MEASUREMENTS. In order to simulate the normal circulation more 
closely, a pump replaced the fluid reservoir of the previous experiment, creating a closed 
circuit (Fig. 2). A second pump was used to divert a portion of the flow from the branching 
circuit back into the main stream to provide recirculation of the indicator before the primary 
wave completely passed the sampling site. Direct measurements of the total flow were made 
by breaking the circuit and measuring the effluent as described above. Special precautions to 
eliminate all air bubbles from the closed circuit were necessary for reliable measurements. 
Ten comparisons (Table IT) were made at flow rates between 1.84 and 3.31 L. per minute. 
The sample collector underestimated the flow by an average of 5 per cent. The standard 
deviation from regression of the IHSA on the measured flows was 186 ml. under these 
circumstances. A time-concentration graph of the IHSA indicator from the recirculation 
model is shown in Fig. 3. Its similarity to graphs derived from results with animals and 
man is apparent. 
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4. DIRECT FICK COMPARISONS IN DOGS. An additional validation procedure consisted of 
simultaneous direct Fick and our indicator-dilution cardiac output determinations in dogs. 
In anesthetized intubated dogs a cardiac catheter was passed via the jugular vein into the 
pulmonary artery under fluoroscopic control. Indwelling needles were inserted into both fem- 
oral arteries and a forepaw vein. For the direct Fick measurements blood was sampled 
simultaneously from the pulmonary and femoral arteries during the first minute of the expired 
air collection. Immediately following the blood collections, the isotope was injected and 
multiple arterial samples were obtained. Air samples were analyzed for oxygen and carbon 
dioxide on a Scholander analyzer and blood oxygen determinations were made in duplicate 
by the Van Slyke apparatus. Usually, 4 consecutive cardiac output measurements were made 
on the same animal and at least 30 minutes were allowed between determinations. With re- 
peated measurements the cardiac output often declined. This could be obviated by blood or 


Table II. Recirculation flow model comparison 








| IHSA 
| : = %, DOO 
Measured IHSA measured 
(ml./min. ) | (ml./min. ) (%) 
1,845 1,745 95 
2,140 2,040 95 
2.170 2.020 93 
2,230 2,340 105 
2,270 1,880 83 
2,370 2,395 101 
2,450 2,395 98 
2,760 2,295 83 
3,100 3,000 97 
3,310 3,170 96 
Mean 2,465 2,328 95% 


S. D. + 6.9% 
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Table III. Fick versus IHSA: comparison in dogs 











IHSA 
Sains A ae 
Fick IHSA Fick 
(ml./min. ) (ml./min. ) (%) 
520 590 114 
530 750 142 
770 740 96 
870 810 93 
910 1,030 113 
910 840 ; 92 
960 900 94 
1,020 970 95 
1,050 1,070 102 
1,130 1,320 117 
1,230 1,390 113 
1,400 1,580 113 
1,420 1,150 81 
1,650 1,860 113 
1.760 1,610 92 
1,950 2.060 106 
1,980 1,920 97 
2.020 1,640 81 
2,260 2 050 9] 
Vean 1,281 1,278 102% 


S. D. + 17.2% 





dextran infusions. Some of the animal data were discarded because of respiratory quotients 
below 0.6 suggesting an air leak or unsteady state, or a prolonged, flat isotope time-concen- 
tration curve which precluded accurate output calculations. 

Nineteen measurements suitable for comparison are listed in Table III. The range of 
flows was 0.52 to 2.26 L. per minute. In 9 of the 19 trials the sample collector overestimated 
the flow; in the remainder it was underestimated. As might be expected the agreement was not 
as good as noted with the circulation models. Calculation of the regression equation of one 
method upon the other was not attempted because the error of the Fick method probably 
approximated and may exceed that of the fractional sample IHSA technique.2 
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Discussion 

Radioisotope indicator dilution methods are inereasing in popularity,*"* 
particularly with external detector placement.*''' Validation has been made on 
the basis of the following: (1) agreement with simultaneous Fick determina- 
tions,*** (2) concomitant arterial sampling methods,*"'' and (3) results eompa- 
rable to those previously obtained.!*""* 

Nevertheless, external counting methods are not universally considered 
reliable. The errors of the method in both theory and technique have been 
thoroughly investigated by Carter and associates.*° Because of the problems of 
collimation and detector placement, and the difficulty in extrapolating the 
downstroke of the disappearance curve obtained with precordial counting, 
Carter concluded that the method is unsound. Irrespective of the validity of 
precordial counting techniques, 2 additional disadvantages of the method merit 
comment: (1) the dosage of radioactive material needed for each determination 
is from 5 to 20 times that required if multiple arterial blood samples are re- 
moved, and (2) external detection methods cannot be used under any cireum- 
stances other than complete rest. 

Aspirating arterial blood at a constant flow rate past a light source or a 
radiation detector circumvents some of the objections created with external 
measurements, but creates additional technical problems. For accurate counting 
of radioactive particles in flowing blood a well-shielded, thus a heavy, bulky 
detector must be located as close as possible to the artery from which the blood 
is diverted." * To detect rapid changes of radioactivity, the volume of blood in 
proximity with the detector should be small and the rate meter set for a rela- 
tively short time constant.'® With a small portion of the total blood volume being 
counted at any one time, the total quantity of radioactivity injected is necessarily 
larger than when counting can be performed slowly. Although some have claimed 
that 5 we of IHSA suffice,’* the majority use 20 to 100 ye, which limits the 
number of consecutive determinations possible with this technique.*-* 1° 1% 

The numerous disadvantages of continuous recording methods for both dye 
substanees and radioactive material prompted us to return to the original 
multiple arterial sample collection technique. This seemed to be the most suit- 
able method for accurate, multiple eardiae output determinations in exercising 
subjects. The constant volume fractional sample apparatus was designed to 
circumvent the major difficulties of this proeedure—preparation and handling 
of the numerous samples. By ejecting a constant volume into each collecting 
tube or planchet, one of the most time-consuming features of the multiple sample 
method—quantitative transfer of an aliquot of plasma, serum, or whole blood— 
was obviated. 

Previously available sample collecting units consist of a series of adjacent 
containers moving past a continuously flowing blood column diverted from a 
convenient artery.'* Sampling is continuous, a new container moving into 
position every 2 or 3 seconds. The fractional sample collector described here 
differs in that the arterial stream is sampled for only two-thirds of the time 
interval between samples. With the sampling frequency at 1 per second, two- 
thirds of a second is utilized to eject the blood and the balance is used to refill 
the tubing under the compression arm and to advance the sample wheel to its 
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next position. Discontinuous sampling might not faithfully detect rapid con- 
centration changes, but this potential error can be minimized with rapid 
sampling rates. Within the range of flows encountered in dogs and in the cireu- 
lation models, the 1 per second sampling rate appeared to be adequate for 
accurate flow determinations. A small systematic difference between the IHSA 
fractional sample flow determination and the direct measurements in both 
cireulation model experiments is apparent. Why this was so is not clear. A loss 
of IHSA from the system should result in a greater, not a lesser, value.? No 
systematic difference was noted between the direct Fick and IHSA data. 
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A hydraulic pressure generator for testing the dynamic 


characteristic of catheters and manometers 


R. R. VIERHOUT, PH.D., and A. J. H. VENDRIK, Pu.D. 
Nijmegen, The Netherlands 


A hydraulic pressure generator is described which consists of a loudspeaker system exert- 
ing a sinusoidal force on a rubber membrane, the former being driven by a low frequency 
voltage generator, and a transistor power amplifier. The rubber membrane forms a wall 


of a small water-filled chamber to which the cathetcr is connected. 


The conditions which must be fulfilled for a reliable operation are discussed. 


7 fluctuating pressure of the arteries in the heart is often measured 
by means of a catheter connected to a manometer. Not only must the manometer 
be able to follow the rapid fluctuations (0 to 8 eyeles per second in the human 
adult), but also, in combination with the eatheter, the manometer must guar- 
antee an undistorted transmission. 

In order to test manometers or catheter-manometer combinations a hydraulic 
pressure generator has been constructed. The generator produces sinusoidal 
pressure fluctuations of variable amplitude and frequency, the amplitude being 
independent of the frequency. The response of the manometer and catheter is 
measured as a function of the frequency. 


Materials 


Constructive details. A schematic drawing of the pressure generator is shown in Fig. 1. 
A sinus voltage generator (Peekel, 0.15 to 15,000 ¢.p.s.) with constant amplitude (accuracy 
within 1 per cent) drives a transistorized powerstage, as shown in Fig. 2. 

The powerstage is connected at the output to a loudspeaker system (7 Ohm) having a 
weak metal diaphragm attached to the solenoid. The solenoid is able to exert a force against 
a metal plate B, glued to a weak rubber membrane C at the base of the vessel D, which is 
filled with water. The total compliance of the serially connected membranes is about 100 
mm.3 per 10 em. Hg., which is low enough for our purpose (see next paragraph). The constant 
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voltage amplitude of the sinus generator gives rise to a current with constant amplitude in 
the solenoid. This current causes a force on the plate B proportional to the current. Thus a 
pressure in the water in D is evoked which is proportional to this force and, hence, pro- 
portional to the solenoid current. The linearity is maintained up to 1 amp, the maximum 
permissible solenoid current. The conversion factor is 92 mm. Hg per ampere. The maximum 
displacement of the solenoid is about 0.5 cm. The area of the vessel base is 2 em.2, hence a 
volume of 0.5 em.% can be displaced without deviation from linearity. 

The catheter can be attached to the top of the vessel D. Also, a device consisting of a 
tube EF, a balloon F, and a sphygmomanometer can be connected with D. This device is used 
for both air-free filling and calibration. As EK induces a great compliance of the system the 
generator can be disconnected from E at point G by means of artery forceps on the plastic 
connection tube. Of course, a leak-free cock which, however, is not so easily constructed can 
also be used for this purpose. A static pressure can be made most simply by a d.c. current in 
the solenoid adjustable by the potentiometer p (Fig. 2). The membrane remains then in its 
medium position. This can be used for fixing a certain mean pressure level. For static measure- 
ments it is also possible to use a d.c. voltage source at the input of the powerstage. 











voltage 
generator 





























Fig. 1. 


The output of the hydraulic sinus generator measured with a manometer with a com- 
pliance of 1 mm.3 per 10 em. Hg directly connected to it is undistorted from 0 to 50 e.p.s., 
which is more than is required. Fig. 3 shows the response characteristic of catheter No. 4 with 
1 M. length, connected to a manometer with a membrane compliance of 0.013 mm.? per 10 
em. Hg. 

GENERAL REQUIREMENTS FOR A PRESSURE GENERATOR. The main requirement is that the 
generator must provide a well known sinusoidally varying pressure at the input of the 
catheter with an amplitude which is independent of the frequency and of the properties of 
the catheter-manometer system. This will be the case if the generator has an internal im- 
pedance which, for all practically important frequencies, is small in comparison with the 
impedance of the system to be tested. 
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Fig. 2. The transistorized powerstage. 
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Fully analogous to the electrical impedance, the hydrodynamic impedance consists of a 


part due to the inertia of the fluid and the moving membranes of the generator, another part 


due to the stiffness of the membranes, and finally, a part caused by friction. In other words, 
the sum of the inertial force of the moving fluid in the vessel and membranes of the gen- 
erator, the restoring forces of the membranes, and the force caused by the viscous resistance of 
the generator vessel must be small in comparison with the force exerted by the solenoid. In 
that case the water pressure at the input of the catheter will be practically equal to the water 
pressure at the base of the vessel of the generator and equal to the solenoid force per unit of 
membrane area. 
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The friction forces in the generator are negligible. It is possible also to make a gen- 
erator in which the restoring forces of the membrane and the inertial forces are sufficiently 
small. 

The restoring force of the membrane may be neglected if the volume displacement is very 
small. This depends on the input compliance (the inverse of stiffness) of the tested device. 
The usual types of blood pressure manometers have compliances between 0.01 and 1 mm.3 per 
10 em. Hg. Most catheters have lengths of about 1 M. and compliances of 1 mm.’ per 10 em. 
Hg, irrespective of their diameter. A catheter manometer combination has at most a com- 
pliance of 2 mm.’ per 10 em. Hg. Because our generator has a compliance which is 50 times 
as great (see previous paragraph), the restoring foree of the membrane is only 2 per cent 
of the total foree in the worst case and hence can be neglected. 

The inertia forces begin to play a role at the high frequencies if the hydraulic impedance 
of the tested system at the input is low, i.e., if the streaming velocity of the water is great. 
This velocity can be kept small if the bore of the tube of the vessel is great. The dimensions 
of the pressure generator are such that these inertia forces are much smaller than 1 per cent 
of the force exerted by the pressure at high frequencies even when a big catheter (No. 8) with 
a weak manometer (1 mm.* per 10 em. Hg) is connected. 

The impedance of catheters connected to manometers decreases with increasing diameter 
of the catheter, compliance of both, and frequency. If the impedance of the generator is not 
small in comparison with the impedance of the system to be tested, the pressure at the input 
of the system is not known and must be measured separately witha calibrated very stiff 
manometer. ' 

Another requirement is that linearity must be maintained for large volume displace- 
ments of the membrane of the vessel, because the test must be performed in a large range of 
mean pressures and the pressure amplitude of the generator must be independent of this 
mean pressure. Our generator is linear up to displacements of 500 mm.3 


Conclusions 


In the paper by Noble’ also describing a pressure generator, the question 
of the internal impedance of the generator is not mentioned. He constructed a 
pressure generator with the immovable solenoid attached to the core. The gap 
between an iron plate and the core is 0.25 mm. A d.e. current through the 
solenoid secures linearity of attraction force of the iron plate. If this linearity 
will be of the order of 2 per cent then the suction pressure exerted by the d.e. 
current is 25 times greater than the maximum permissible pressure amplitude of 
the sinusoidal fluctuations. 

If a positive pressure mean level must be maintained, the deflection of the 
membrane must be more than 25 times its sinusoidal amplitude, which cor- 
responds with a pressure of 50 mm, Hg, peak-to-peak. As the total deflection of 
the membrane cannot be more than 0.25 mm. it must be rather stiff. This is 
much more unfavorable than our construction, in which a positive mean level 
of the pressure can be balanced by a d.c. current pushing against the plate, 
while in the device of Noble only attraction can oceur. 
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Rapid detection of specific phage types of staphylococci 


ARTHUR WHITE, M.D.* Louisville, Ky. 


A method of detecting carriers of type 81 staphylococci by dilution of the culture in 
phage type 81 lysate was useful in rapidly and accurately detecting 17 nasal carriers 
of type 80/81 staphylococci among 100 patients. In addition, 4 lesions due to type 
80/81 staphylococci were identified and a single lesion due to type 3c¢/71/55 staphylo- 


cocci could be exclude d by the same method. 


_ a various techniques and their relative usefulness for phage typing of 
staphylococci have recently been reviewed by Blair and Carr.'| The major dis- 
advantages of this epidemiologic method are the requirements of time, personnel, 
and equipment and the need to isolate and subculture staphylococci and to 
standardize the phage inoculum. Because of these requirements, there is often 
a considerable delay before the results are available in an epidemic. 

Initial studies with staphylococcal strains used in propagating bacterio- 
phages have shown that the susceptibility to individual phages could be de- 
termined within 24 hours either by initially culturing the strains on the surface 
of agar media into which phage was incorporated or by diluting the cultures in 
phage lysates before culturing onto solid media. To evaluate this method 
further, 190 nasal cultures of hospitalized patients and personnel and cultures 
of a number of lesions were made in an attempt to identify rapidly those 
staphylococci lysed by phage 81. This particular phage was chosen because 
over half of the lesions aequired in this hospital are caused by 80/81 staphylo- 


coeel.” 


Materials and methods 


Bacteriophages were propagated in heart infusion broth (Difco) with 0.004 M per 
liter of added calcium.3 The phage 81 lysates produced confluent lysis of type 81 propa- 
gating strain at 1:1,000,000 dilution. Nasal cultures and cultures of lesions were taken 
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with a cotton swab moistened with heart infusion broth with added calcium; the swab was 
placed in a culture tube with 3 ml. of heart infusion broth and shaken for 5 minutes on a 
Kahn shaker. The broth was then diluted in heart infusion broth with added calcium and 
in lysates of phage 81; 0.1 ml. of each dilution was placed on the surface of heart infusion 
agar media. After overnight incubation at 37° C., pigmented colonies were enumerated on 
both sets of plates and a single pigmented colony from each culture was tested for coagulase 
production and typed with 22 bacteriophages. When staphylococci were present only in cul- 
tures diluted with heart infusion broth, the strain was assumed to be a phage type 81 staphy- 
lococcus. 


The following bacteriophages* were used in this study: 


Group I: 29, 52, 52a, 79, 80 
Group IIL: 3a, 3b, 3c, 71, 55 


7, 420, 47, 53, 54, 73, 75, 77, Va, 


Group III: 6, " 


Unclassified: 81, 42d 


Table I, Colony counts of nasal cultures from carriers of staphylococci other 
than phage type 80/81 














Diluent 
Phage type Broth Phage 81 lysate 
71 2.9 x 106 2,3 x 106 
52a/79 2.0 x 106 2.9 x 106 
Not typeable 2.0 x 106 2.3 x 106 
Va, 2.3 x 105 3.4 x 105 
3¢/55/71 2.2 x 104 2.2 x 104 
47/77 2.0 x 104 1.2 x 104 
Not typeable 2.0 x 104 2.1 x 104 
52a/79 1.8 x 104 2.3 x 104 
6/7 /47/54 1.6 x 104 1.6 x 104 
6/47/54/Va, 1.3 x 103 1.4 x 103 
Va, 4.2 x 102 3.0 x 108 
52a/79/80 1.2 x 102 1.8 x 102 
79 6.0 x 101 6.0 x 101 
Results 


No coagulase-positive staphylococci were isolated from 70 of the 100 patients 
from whom nasal eultures were obtained regardless of whether or not the 
cultures were diluted with heart infusion broth or in broth with phage 81. 
Staphylococci lysed by phages 80/81 were isolated from 17 patients when the 
samples were diluted in heart infusion broth, but no staphylococci were isolated 
from samples diluted in phage 81 lysate. The numbers of phage type 80/81 
staphylococci isolated varied from 600 to 4,320,000 colonies per culture, with.a 
median value of 28,000. 

In the remaining 13 patients a number of different types of staphylococci 
were isolated in almost equal numbers by both methods (Table I). 

Five skin lesions were cultured by the same methods, and, again, no phage 
type 80/81 staphylococci were isolated from cultures diluted in phage 81 lysate, 


*The bacteriophages and propagating strains were kindly furnished by Dr. John Blair, 
Hospital for Joint Diseases, New York, N. Y. 
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but 4 of the 5 cultures contained large numbers of type 80/81 staphylococci 
when diluted in heart infusion broth. The remaining culture contained identical 
numbers of staphylococci lysed by phages 3b/3e/71/55 when diluted in either 
heart infusion broth or phage 81 lysate. 


Discussion 





By dilution of primary cultures in 81 phage lysates, it was possible to detect 
rapidly and accurately carriers and lesions due to type 80/81 staphylococci. 
By the criterion stated by Williams and Rippon,’ staphylococci are assumed to 
be different if the phage patterns differ by two or more phages. All staphylococei 
susceptible to phage 81 in this study were phage type 80/81 staphylococci; how- 
ever, staphylococci susceptible to phage 81 and several other bacteriophages 
would also be lysed when diluted in phage 81 broth and, therefore, initially 
would be thought erroneously to be type 80/81 staphylococci. Staphylococci from 
carriers or lesions which were not susceptible to phage 81 could be readily 
excluded. 

The major advantage of using phage lysate in initial cultures is the rapidity 
with which most sources of a given phage type staphylococcus ean be excluded. 
With the usual method of phage typing a minimal period of 72 hours is neces- 
sary before staphylococci can be isolated, subeultured, and subjected to phage 
typing, even if all phages have been standardized recently. With phage 81 
lvsates, most sources can be exeluded within 24 hours. The major limitation is 
the restriction of the method to a single phage; the use of several phage lysates 
would be too demanding of time and materials. 





This method also makes it possible to identify carriers of more than one 
strain although the second strain might be present in small numbers. In the 
group of nasal carriers of type 80/81 staphylococci, all staphylococci were sus- 
ceptible to phage 81 even when as many as 4,000,000 colonies were present. 
This confirms and extends the observations of Gould and MeKillop® that usually 
only one staphylococcus can be isolated from the nose of a given carrier. 
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COMPARE THESE ADVANTAGES 
AGAINST YOUR CURRENT 
PROCEDURE: 


* Adaptable to all Colorimeters. 
Read at 520 mu. 


Requires only micro-quantities of 
fluid . . . as little as 0.01 mi. 
(Especially valuable when only small 
amounts are available). 


Sensitive to less than 10 gamma of 
chloride . . . important 
in sweat determinations. 


Total procedure completed in 
approximately 2 minutes. 


When series of chloride 
determinations is performed 
individual determinations 
take less than 60 seconds. 


ELIMINATE THESE TIME-CONSUMING 
STEPS AND MANIPULATIONS: 


* Standardization of Mercuric 
Nitrate Solution 

* Titration 

* Buretting 

* Preparation of protein-free filtrate 









NEW CHLORI-PAK, PLUS THESE OTHER 
UNCONDITIONALLY GUARANTEED KITS 
ARE AVAILABLE FROM YOUR DEALER 


URI-PAK — Colorimetric Cyanide-Free 
Method for Uric Acid Determination 
CHOLE-TECH — Colorimetric Total 
Cholesterol Determination. 

ESTER-PAK —‘‘One tube” 

Determination for Free Cholesterol 

and Cholesterol Esters. 

LIPA-PAK — Serum Lipase Determination 
in 10 minutes. 

AMYL-PAK — Colorimetric Serum 

and Urine Amylase Determination in 

15 minutes. 

TRANSAMINASE DUO KiT—Colorimetric 
Determination of SGO and 

SGP Transaminase. 


Write For Free Procedures : 


‘UMI- TECH 
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By ERNST SIMONSON, M.D., 
Professor of Physiological Hy- 
giene, University of Minnesota, 
Minneapolis, Minn.; Consultant 
in Electrocardiography at Mt. 
Sinai Hospital and Veterans 
Administration Hospital, Minne- 
apolis, Minn. Ready later this 
month. Approx. 310 pages, 
6%," x 9%” illustrated. 
About $12.00. 


Fig. 67. Nearly perfect can- 
cellation of ECG’s taken at 
different locations on the body 
surface in a healthy young 
man. The locations are given 
by the level of the intercostal 
space (Roman numerals) and 
by vertical lines (1 to 12) at 
intervals of 30°, with refer- 
ence to a hypothetic heart cen- 
ter. 


























NEW APPROACH TO 


ELEC TROCARDIOGRAPHIC 


EVALUATION AND INTERPRETATION ere 


Ready Later This Month! 


DIFFERENTIATION BETWEEN 
NORMAL AND ABNORMAL 
IN ELECTROCARDIOGRAPHY 


Here for the first time is a definitive answer to the difficult 
question, “What is a normal electrocardiogram?” In writing 
the Foreword of this distinguished book, Charles E. Kossmann, 
M.D., said, “There is nothing like it in existence, presumably 
because no one but Dr. Simonson has had the fortitude, per- 
severance and skill to get the answer. . .” This new book de- 
fines normality at rest and under stress, with correction for 
age, sex, body weight and electrical position. It can help you 
avoid the dangers of diagnostic error due to normal variations 
by thoroughly analyzing all technical, functional and constitu- 
tional factors which affect the ECG. It can also help you im- 
prove diagnoses by the use of stress tolerance tests which it 
carefully discusses and documents in full. With the help of 
this new book, the application of electrocardiography in your 
practice can be put on a firm statistical foundation. 


BULK OF MATERIAL IS NEW! 


* Presents late advances acquired from detailed analysis of 
75,000 measured electrocardiographic individual items. 


* Describes developments in electrocardiographic theory and 
vectocardiography. 


* Gives breakdown of the chest leads into positional groups 
in the horizontal plane. 
Order on 30 Day Approval from 


The C. V. MOSBY Co. 


3207 Washington Boulevard, St. Louis 3, Missouri 
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Mod. 401-A 


Write for descriptive 
Bulletin No. 406 
also for free copy of 12-page 
Introduction to Clinical 
Photoelectric Colorimetry. 


180-page Reference Book 
available separately, price $10.00. 














95 Madison Ave. 


PHOTOVOLT Corp. 


@ New York 16, N. Y. 


TRANSAMINASE 


SGO—T and SGP—T 


Glutamic Oxaloacetic and Glutamic Pyruvic Transaminase 


according to Cabaud, Wroblewski et al., 
(Journal of Clinical Pathology, 1956) 


with 


LUMETRON Clinical 


PHOTOELECTRIC COLORIMETER 


also 83 determinations including 


Albumin Lactic Acid 
Amino Acids Lead 
Amylase Lipids 
Bilirubin Magnesium 
Blood Volume ‘PLN 
Bromide Phenols 
Bromsulphalein ft Z 
Calcium Phosphatase 
Carbon Dioxide Phosphorus 
Chloride Potassium 
Cholesterol Protein 
Cholesterol Esters RBC Count 
Creatine Salicylates 
Creatinine Sodium 
Cyanmethemoglobin Sulfa Comp 
Ethyl Alcohol Thiocyanate 
Fibrinogen Thymol Turb. 
Galactose Urea Nitrogen 
Gamma Globulin Uric Acid 
Globulin Urobilinogen 
Glucose Vitamin A ' 
Hemoglobin Vitamin C 


Zinc Sulphate 
17-Ketosteroids 


Hydrogen Ion 
Icteric Index 
Iron 
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ENZYMATIC PREPARATIONS 


alpha-CHYMOTRYPSIN 
x or salt-free, lyoph., 8,000 ATEE 
Nei rciemdicmntacicwaicanl $ 17.00/g 
beta- CHYMOTRYPSIN 
pS SS 32.50/g 
gamma-CHYMOTRYPSIN 
2x cryst, salt-ives lyoph. .............. 32.50/g 
alpha-CHYMOTRYPSINOGEN 
eS OS eee 11.00/g 
DESOXYRIBONUCLEASE 
salt- — lyoph., 90,000 Dornase 
ES EG LEST LO 75.00/ 
HYALURONIDASE 250mg 
salt-free, lyoph., 300 Int. units/mg 
GE bio ckaceenanmaeeaninleabinbensee 22.00/g 
salt-free, lyoph., 300 Int. units/mg 
EES OIE NDE EE 24.00/g 
salt- a lyoph., 500 Int. units/mg 
(RR A ER a ae 30.00/g 
HYALURONIC ACID 
ee 180.00/g 
PEROXIDASE 
+. free, lyoph., 60 units/mg, RZ = 
See ees 55.00/g 
RIBONUCLEASE : 
5x cryst, salt-free, proteose-free, 40 Kunitz 
units/mg OL TEE NE 45.00/g 
TRYPSIN 
2x cryst, 50% MgSO,., 8,000 + BAEE 
ESSER eS Re eer es Aaa 9.00/g 
TRYPSINOGEN 
Se 12.00/g 
URICASE ’ : 
lyoph., hog liver, 5.0 units/g, with 
DIN, sitaiviicntnarectinnienwipateuitiliabadedchs 18.00/g 
Write for Catalog No. 3 Listing Over 
12.000 Rare @ Fine Organics 





Ged LABORATORIES. INC. 
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1. Automatic, temperature-controlled liquid scin- 
tillation counting system Model 703 shown with two 
scalers, timers and digital recorder. For counting 
large numbers of carbon-14 and tritium samples 
with highest efficiency and precision. 


2. Scintillation well detector Model DS-303 and 
spectrometer Model 132B for measurement of radio- 
activity in urine, blood and plasma. 


3. Automatic system for analysis of gamma sam- 
ples employs Model C120 sample changer with 
shielded well scintillation detector plus printing 
timer, scaler and spectrometer. 


4. Probe scintillation detector with three-inch crys- 
tal and scaler-spectrometer shown mounted on 
Model 1710 clinical stand constitute instrumentation 
for thyroid uptake measurements. 
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5. Versatile system for in vivo procedures. Clinical 
stand supports as many as three scintillation de- 
tectors together with associated equipment such as 
ratemeters, recorders, and a scaler-spectrometer 
for evaluation of thyroid and kidney function and 
estimation of cardiac output and myocardial blood 
flow. 


6. Model 1700A isotope scanner produces graphic 
record of radioisotope distribution in body area 
14 x 17 inches. Used with collimated scintillation 
detector. 


7. Model DS8-1 light-weight needle-probe scin- 
tillation detector set is furnished with four probes. 
Used with scalers, ratemeters or gamma spectro- 
meter systems to localize radioisotope concentra- 
tions in tissue during surgery. 
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The seven photographs at the left portray 
a key resource of the medical and scientific 
community. They are representative of 
more than 200 instruments and systems 
designed by Nuclear-Chicago for biomed- 
ical research and diagnostic medicine. 
This comprehensive line offers a growing 
body of isotope users proved reliability to- 
gether with precise, reproducible perform- 
ance. Wide acceptance is the result. 


A single statistic makes the point: of the 
111 Veterans Administration general hos- 
pitals, some 60 have licensed radioactive 
isotope facilities—all but one of these is a 
Nuclear-Chicago customer. 


Beyond the demonstrated excellence of 
individual products, there are further im- 
portantadvantages enjoyed by researchers 
and clinicians who select Nuclear-Chicago 
equipment: (1) Mutually compatible instru- 
ments and systems continue to prove their 
value as customers return over the years 


Nuclear-Chicago instruments serve every 
application of radioactive isotopes 


NUCLEAR-CHICAGO CORPORATION, 331 £. HOWARD AVENUE, DES PLAINES, ILLINOIS 


for added equipment as their needs ex- 
pand. (2) Experienced participation in 
planning radioisotope programs is offered 
by the largest international sales and serv- 
ice organization devoted to nuclear in- 
strumentation. (3) Objective recommenda- 
tions are insured by the broad scope of 
equipment offered—the Nuclear-Chicago 
sales engineer can, without compromise, 
suggest the right apparatus for the job. 


Whatever your needs, now and in the 
future, Nuclear-Chicago invites your criti- 
cal appraisal of its instruments for research 
and diagnostic procedures. These instru- 
ments and their applications are docu- 
mented in the two new publications 
pictured below. Please use the coupon to 
request your copy of each. 
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CORPORATION 




















Please send me 
your new publications: 


[| General Catalog S 
96 pages, over 425 products 


[| Diagnostic Applications 
of Radioactive Isotopes 


second edition, 24 pages, 
13 procedures 
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drugs... 
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In the field of medicine, as almost everywhere else in a free economy, 
the trademark concept has evolved over the years. As with most 
human institutions, there are some who may not consider it ideal; 
but it has brought about three signal benefits: 


To the physician it gives assurance of quality in the drugs he 
prescribes—assurance backed by the biggest asset of the maker, 
his reputation. 


To the manufacturer it gives one of the greatest possible incen- 
tives to produce new and better curative agents. 


To the pharmacist it gives preparations which he can dispense 
with confidence. 


If trademarks are done away with, a whole new setup must be created: 


1. An enormously expanded, expensive system of government 
quality control. 


2. A new system of generic nomenclature which would magi- 
cally turn out names not only rememberably simple, but also 
conforming to the principles of complex chemical terminology. 
3. Something new to fill the gap left by the elimination of the 
trademark incentive to produce new and better drugs. 


The American system has been pre-eminent in producing and distrib- 
uting good medicines. Above all it has been successful in creating 
new advances in therapy. In a dubious effort to provide cheaper 
medicines by abolishing the trade names upon which the responsible 
makers stake their reputations, let us beware of sacrificing this success. 


This message is brought to you on behalf of the producers of prescription 
drugs to help you answer your patients’ questions on this current medical 
topic. For additional information, please write Pharmaceutical Manufacturers 
Aasociation, 1411 K Street, N. W., Washington 5, D.C. 
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- Tissue Cutting and Staining. 


FOR MEN AND WOMEN! 
en 
“jp WORTHWHILE 
4 CAREER 
q 


LABORATORY 
TECHNIQUE 


THE GRADWOHL SCHOOL OF LABORA- 
TORY TECHNIQUE is an ethical school, 
manned by co —— ethical physicians and 
technologists and enjoys a high rating among 
the medical profession . . . Graduates placed 
in desirable positions since 1920. Gradwohl 
graduates are recognized as expert techni- 
cians. 

Course includes—Clinical Microscopy; Hema- 
tology and Blood Grouping: Serology; Ap- 
plied Bacteriology; Basal Metabolism; Blood 
Chemistr ; Electrocardiography; Parasitology; 


















ENROLL NOW for priority. 12- 
month course; 6-month intern- 
ship. Classes begin Jan., March, 
June, July, Sept., Oct. 


40th Successful Year 


SCHOOL OF 
LABORATORY 
a 


Founded in 1920 by R. B. H. Gradwohl, 
Stanley Reitman, M.D., Medical Rand 
3514 LUCAS AVE. ST. LOUIS 3, MO. 




















for maximum hormone 
absorption in preparation 
of urine extracts for 
pregnancy testing 





used by many leading 
university and government 
laboratories for fast, accurate 
tests at lower cost! 


h INCREASED ACCURACY 

RAPID, SIMPLE TECHNIQUE 

ELIMINATES DRUG REACTIONS 

NO DENATURING OF HORMONE 

MORE COMPLETE HORMONE ADSORPTION 
NO ANIMAL LOSS FROM TOXIC URINE 
COSTS LESS THAN Sc PER TEST 

FOR USE WITH FROGS, MICE AND RABBITS 


LOUIS C. HERRING :. Co. 


25 EAST UNDERWOOD AVE. ORLANDO, FLA. 
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ANNOUNCING! 


UNIFORM 
ROCKLAND 
DIETS 

NOW IN 


Netty S 
Met Sill 


For more efficient feeding... 
Easier eating...Less waste 


NO CHANGE IN FORMULATION 


e 


New 3/16” bite-size pel- 
let now available in 
Rockland Rabbit and 
Guinea Pig Diets. 











New flat-oval, can’t-roll 
pellet now available in 
Rockland Mouse and 
Rat Diets. 


Greater ease and convenience of feed- 
ing; improved, more uniform feed in- 
take; less waste—these are but three 
reasons why investigators prefer the 
new pellet size and shape of Rockland 
Diets. These new pellets flow easily and 
efficiently through standard feeders, as- 
suring an adequate feed supply for the 
animal at all times. And because ani- 
mals find these pellets easier to eat, less 
fines and crumbles result. For improved 
productivity, efficiency and economy, 
investigate the many advantages of 
famous Rockland Standard Reference 
Stock Diets — available in new improved 
size and shape. See your Rockland 
Dealer for further information, or write: 
A. E. Staley Mfg. Co., Decatur, Illinois, 
manufacturers and distributors of: 


ROCKLAND DIETS 








In 1961, you, the nation’s physicians, will diagnose 
an estimated 70,000 cases of cancer of the colon and rectum. 
Although potentially this is a highly curable cancer, 

each year more than two thirds of such patients 

die of the disease. Thousands are lost needlessly. 

They could be saved by proper medical treatment of the disease, 
found by annual examination, in its presymptomatic 

and most curable stage. The regular health checkup 

and alertness to first symptoms are great life-savers. 

To help bring such patients to you in time, 
the American Cancer Society has developed 
a forceful, comprehensive public education 
program on cancer of the colon and rectum. 
The Society’s newest film, Life Story 
dramatizes for the public the importance 

of the inclusion of digital and 


PROCTOSCOPIC 
EXAMINATIONS 

IN THE ANNUAL 
HEALTH CHECKUP. 


In this, as in the preparation of all 
of its life-saving educational materials, 
the Society is aided by the best medical 

and lay experts available. 

The physician and the layman 
in the American Cancer Society 
are truly partners for life. 
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CANCER 
SOCIETY 
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(See also page 38) 


LIVE FROGS for PREGNANCY DIAGNOSIS 


Year 'round supply of selected large, healthy, male frogs for latest pregnancy 
test (99% accuracy). Cost negligible. Negative test animals can be used 
repeatedly. Results in less than two hours. Prompt shipment anywhere, by air 
to distant points. Prices include screened shipping crates and boxes. 
Frogs. With complete directions for use and care. Dozen_-_--§$ 7. 
Laboratory Tank with Cover 
Isolation Jar, 5” x 7” with weighted metal cover ~~-~-~. ~~. 
Frog pregnancy test kit, complete, 14 items including 
SS ae ee 3. 


Rana pipiens Est. SSO! 1919 
NEW YORK SCIENTIFIC SUPPLY CO. - - - - 28 West 30th St., New York 1, N. Y. 


Headquarters for Live Frogs 
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LAB O RATO RY Albine Rats ‘rom Wistar Strain 
ANIMALS Albino NZ Rabbits 





Hamster 
we > ALBINO FARMS 
* *stainiess steel watering tubes for P. 0. Box 331 
since 1929 laboratory animals BENT or STRAIGHT RED BANK, NEW JERSEY 








RABBITS GUINEA PIGS 


Developed and housed to insure best results in all types of tests 
Continuous supply and prompt shipment FOB Indianapolis 
PAUL HAMM RABBITRY R.R. No. 4 =TUcker 1-2188 Greenwood, Ind. 











FROGS HORMONE TESTED 


Greater accuracy is achieved when you know the sensitivity of the animal. 

Free Laboratory Manual on pregnancy testing and the care of frogs in the laboratory. 
Be sure of year round supply at lowest prices and fastest service available. 

Orders delivered within 36 hours after we receive them. 


For information and prices, phone or write: 


J. R. SCHETTLE FROG FARM, INC. Stillwater, Minnesota 





Male Frogs for Pregnancy Tests 


One dozen $3.50, or $3.00 per dozen for 2 dozen or more. Mealworms (food), thousand 
$3.35. Postage extra. Frog Bulletin and Scientific Supply Catalog on request. 


QUIVIRA SPECIALTIES CO. 
4204 W. 21st Street “t- -- “i Topeka 32, Kansas 
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SINCE 1945 


XENOPUS LAEVIS FROGS X-L FEMALE FROG PREGNANCY 
exclusively TEST 
No Seasonal Variations 


No False Positives 


Highest accuracy—-economy—speed. Test so 
simple requires minimum of technician’s time 
using either urine concentrate or blood serum. 
No microscope work or surgery of the animal. 
Write for literature. Animal cost per test 10¢ to 


15¢. 
JAY E. COOK, Importer 
Cockeysville, Maryland, U.S.A. 











RATS ¢ © MICE 
GUINEA PIGS ¢ © RABBITS 
z Clean, Ventilated up to date Buildings- 
bes FARM i sf : ‘ Industrial Washing Machine, Steam 
*Foriasonato™” Sterilizer - Regular Testing of Stock 


for Detection of Disease. 
| ABOR ATORY ANIM ALS Send for brochure OX-bow 4-0703 
FOR SCIENTIFIC & MEDICAL USES 





le a 


414 BLACK OAK RIDGE ROAD WAYNE NEW JERSEY 











DAN ROLFSMEYER CO. 
ALBINO RATS SWISS (ALBINO) MICE 


Price List on Request 
Route 3, Syene Road, Madison 5, Wis. PHONE ALpine 6-6149 








Fast Service. All orders shipped via air same day 
FROGS received. Live delivery guaranteed. 
Write for handbook giving full information 


E. G. STEINHILBER & CO., INC. 
102 Josslyn Avenue (Est. 1922) Oshkosh, Wis. 


Special Males for Pregnancy 


and Pre-operative Diagnosis. 
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KLETT SCIENTIFIC PRODUCTS 





Klett-Summerson Photoelectric Colorimeters, Colorimeters, 
Nephelometers, Fluorimeters, Bio-Colorimeters. Compara- 
tors, Glass Standards, Glass Cells, Klett Reagents 











HEART DISEASE 





THE KLETT-SUMMERSON | 


PHOTOELECTRIC 
COLORIMETER 


= 


#1 Defense 
Developed with the requirements of 
routine colorimetric analysis particular- 
ly in mind, but has found application in 
iol a variety of unusual analytical proce- 
dures as well. No logarithm tables or 
“calibration curves” on semilogarithmic 
paper required. The concentration of 
unknown is obtained directly from the 
scale reading by simple calculation. 

















j 





$205 


with your support KLETT 
3 RETARDED BIO-COLORIMETER 


. Hl LD RE N The visual color- 


imeter illustrated 


CAN BE presents a num- 
— H E LP E D ber of outstand- 


ing features mak- 
ing it ideal for 
clinical or re- 
search work. 
Built on the most 
modern mechani- 
cal and optical 
principles it is 
widely accepted 
for its accuracy 
and durability. $165 


Klett MANUFACTURING CO. 


179 EAST 87th STREET, NEW YORK, N. Y. 
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IT HAPPENED THIS MONTH... 


a glance at yesterday in relation to today 





IN AUGUST — (1798) — Philosophical Magazine speculates upon the nature of 
muscular contraction. “It appears very certain that the cause of muscular move. 
ment is owing to the nerves... But how does the nerve move? Some philosophers 
have compared its movement to the oscillation of an extended cord which is struck: 
But. 1. The nerves are not extended: 2. They are enveloped on all sides; whereas 
the cord has no points of contact but at its two extremities. It appears more prob- 
able to others to consider the nerve as ... a series of vehicles in which flows a fluid 
called the nervous fluid. I have supposed that this nervous fluid is of a nature 
analagous to the aura feminalis. Others have fought for the cause of irritability 
in electricity, and the experiments in Galvanism seem to give some weight to this 
opinion.”! 












































Now, a century and a half later, there are still many unanswered questions as to 
the nature of muscular contraction. There is general agreement, however, on the 
importance of ATP as the source of chemical energy for muscular movement. 
Schwarz has long played a leading role in providing ATP and other biochemical 
phosphates involved in energy transfer reactions — ADP, adenylic acid, adenosine- 
3': 5'-cyclic phosphate, GTP, GDP, CTP, and CDP. Some of these compounds are 
available in radiochemical form. In addition, we supply dehydrated firefly tails 
for precise and specific micro assay of ATP. 


IN AUGUST — (1938) —a report from Paris provides insight into the role of 
sulfhydryl groups in enzymatic activity. lt is suggested that changes in the activity 
of the enzymes may be attributed to oxidation and reduction of SH groups. 
Rapkine* has shown that oxidized glutathione inactivates the enzyme catalyzing 
the oxidation-reduction reaction between triosephosphate and pyruvate. If the 
excess glutathione is dialysed away, the enzyme can be reactivated by reduced 
glutathione or cysteine, the latter being more rapid in its action. 








Today, enzyme chemists use sulfhydryl compounds routinely to activate a large 
number of enzymes. Toxicologists are interested in them as protective agents 
against radiation, nitrogen mustard, and other metabolic poisons. Glutathione 
was the first compound made and sold by Schwarz over twenty years ago. We have 
been interested in sulfhydryl compounds ever since, and now offer oxidized and 
reduced glutathione, cysteine, cystine, homocysteine thiolactone, thiolated gelatin. 
Some of these compounds have been labeled with S** or C'4. 





IN AUGUST -— (1953) —a group of Scottish investigators* discusses the incorpora- 
tion of N!*-glycine, C'+-formate, and S*°-methionine into the nucleic acids and 
proteins of rat liver cell nuclei and cytoplasmic fractions. Nuclear DNA incorpo- 
rated C!* and N!® at a slow rate, but nuclear RNA showed greater activity than 
the RNA of mitochondria, microsomes, or cell sap. With all three isotopes there 
was no great difference between rate of incorporation into nuclear and into cyto- 
plasmic protein. This indicates that nuclear RNA and protein play an active 
role in metabolic processes in non-dividing cells. 
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Isotopically labeled amino acids are a specialty of Schwarz BioResearch — 
optically active, carefully purified, tagged with C14, N*5, S*°, H*, or O'8. We also 
produce a full line of nucleic acid compounds: DNA, RNA, nucleotides, nucleo- 
sides, purines, pyrimidines, sugar and sugar phosphate — plain and radiolabeled. 
These are all listed in our complete catalog — yours on request. 


1. Irritability of the animal fibre. Philosophical Magazine 1 :307 (Aug.) 1798. 2. Rapkine, L.: Sulphydryl groups 
and enzymic oxido-reduction. Biochem. J. 32:1729, 1938. 3. Smellie, R. S.; McIndoe, W. M., and Davidson, 


J. N.: The incorporation of N°, S®, and C' into nucleic acids and proteins of rat liver. Biochem. et Biophys. 
Acta 11 :559 (August) 1953. 








SCHWARZ BIORESEARCH, INC, >: Dept. 8K + Mount Vernon, New York 


BIOCHEMICALS * RADIOCHEMICALS * PHARMACEUTICALS for research, for medicine, for industry 
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Fig. 1322. Electron micrograph of oligoden- Fig. 1325. Electron micrograph. Cellular 
droglioma. Several neoplastic cells with processes and cells forming this optic nerve 
abundant pale cytoplasm are arranged near glioma are strikingly similar to those of 
a blood vessel (lower right). Mitochondria gliosis. From child 6 years of age. (x7,000.) 
are especially prominent in cell at left of (Courtesy Dr. Sarah Luse.) This illustration 
blood vessel. (x5,000.) (Courtesy Dr. Sarah appears 40% larger in the book. 

Luse.) This illustration appears 40% larger 

in the book. 


ee 


al % 


a 


One of the most up-to-date, thorough and 
authoritative books on general pathology 
in print today 


W.A.D. Anderson New 4th Edition! PAT H O L O G ss 


This new 4th edition of PATHOLOGY is one of the most complete and 
detailed one-volume works of its kind—encompassing general pathology, 
special or organ pathology, and surgical pathology. In preparing this re- 
vision, W.A.D. Anderson, M.D., has followed the exceptionally successful 
format of previous editions and again surrounded himself with 34 well 
qualified pathologists and authors to produce a well rounded book that is 
authoritative, up-to-date and accurate in every detail. 


Virtually every part of the book has been extensively revised, and several 
areas have been completely rewritten. You will be particularly pleased to 
find that in this new 4th edition special attention is given to radiation 
effects, oral and dental diseases, viral diseases, and tropical and parasitic 
diseases. New chapters have been added on mesenchymal tumors of the 
soft tissues and hypersensitivity diseases. New findings and newly recog- 
nized conditions have been stressed throughout this new edition, and in 
particular in those areas where additional knowledge is of clinical signifi- 
cance. 

With the addition of more than 90 new illustrations, equal in quality 
to the photographs shown above, this book continues to be one of the 
most profusely and most effectively illustrated books on this subject. Among 
other changes which give Dr. Anderson’s classic work a truly modern 
look is the new, larger page size. 


Edited by W. A. D. ANDERSON, M.A., M.D., F.A.C.P., F.C.A.P. Written by 35 


contributors. Published July, 1961. 4th edition. 1399 pages, 7%,” x 101”, 
1385 illustrations, 7 color plates. Price, $18.00. 


Order on 30 Day Approval from 


The C.V. MOSBY Company 


3207 Washington Boulevard, St. Louis 3, Missouri 
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In recent years, the patient has come to realize that the 
best health insurance is a periodic health examination. 
Since the ultimate goal of medical science is preventive 
medicine, the benefits of current developments in pro- 
phylaxis are undisputed. The value of health screening 
is indicated by the significant percentage of disorders 
found in apparently well and asymptomatic individuals. 
To augment your physical examination, routine tests are 
of decided value, leading often to diagnosis of unsus- 
pected abnormalities. One Group Health Survey of 583 
patients revealed that 49 per cent of the defects discov- 
ered were initially detected by technical testing: visual, 
hearing, x-ray, blood and urine examinations. The physi- 
cal and the history yielded 39 per cent and 12 per cent, 
respectively.* 


The development of modern diagnostic products has 
greatly simplified the laboratory examination. For exam- 
ple, three important test results in the routine urinalysis— 
protein, glucose and pH — now can be had in just ten 
seconds with ComsisTix" Reagent Strips. These results 4 
are provided accurately and simultaneously for your he 

immediate evaluation. CoMBIsTIx is simple to use; just ie 1 
“dip-and-read.” It completely eliminates the need for 4 

elaborate equipment. ComsistTix makes routine urine 

testing feasible for health screening and. “follow-up” of 
progress, at minimal cost. 


McCombs, R. P, and Finn, J. J., Jr.: New England J. Med. 
248:165 (Jan. 29) 1953. 
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+ standardized color chart for reliable estimations 
« unaffected by turbidity, drug metabolites, non- 
glucose reducing substances ooss: 





